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how BIASed are tapes? 


ELEKTOR Artist: 
the ultimate guitar preamp 


CPU Inousekeepen 


waleeea LINEAR Ics cpu's MEMORIES EPROMS CRYSTALS INTERFACE Ics 
7a $266 AY1-0212 mcrass 0p | 38026 700P | oyg2. aL yey Uitte noe ee 
748273 AY1-5050 Mc3340P 120p | 28508 1200 | 91975 pal ee BOL 14000 
7418279 ‘AY3-8910 MC3401 Bee $500 | ona ae ANG, OMaIS 
7atS263 AY3-8912 MC3403 gop | £800 370? | aire ae hope pet 
748298 AYS-12248 Mx50398 750p | 6802 4a | aitat aoe rid pea 
6809 £10 2732 2.0MHe 088835 
741299 AY5.40070 ML920-800p 214-2 
warsaee ce Mnis7160 e209 | !NSB060 1100p | 2314 2716 3000S 2.457MHe 08836 
7418324 CA3046 Nes31 1560p | SOBOA = 350 | a rieL.2 BEREASOONS, Sete Davee 
7at $348 CA3038 NESS rep | B0854 5800 | anne A STS Ded 
7a $352 CA30B0 NESS6 sop | 8088 £18 | a164 peri Mote) 
7018353 CA3086 NES64 —daop_| 280 320? | aBigap-3 ORS MMi MCAS 
7418363 CA30B9E NNEs65 —130p | 808 4500 | S101 AY 1018D bosvinkd geese 
viens can Neste tes | 280 £16] BOIL: AY-5-1013A 6.0MHz 3242 
7418365 CA3130€ NES67 140 | SUPPORTDEVICES| B116LP-3 Ieee Belt ae 
7418367 CA3140€ NE571  425p | 3242 800p | 6514 AR IB0e. SOMHe bei74 
7418368 CA3160E NES534A —250p | 6522 500p | 6810 COM SOY, B967MHe 75107 
7418373 CA3IB1E RC4136 7p | 6532 7795p AO 7M zeio 
74LS374 PROMS 15.0MHz 75150 
$3 CA3162€ RC4151 —-200p | 6551 650p | 71301 CHARACTER GEN 
7418375 CA3189E $5668 -260p | 6821 160p Jone Jniss 
74L8377 748188 RO-3-2513U.C. 700p| 26 690MHz 75182 
DACI408-8 SAA1900 £16 | 6850 160p RO-3. 00} 
7aL$378 748201 -25131.C. 700p} 27 145MHe 75324 
HAI388 SAD1024A 1250p | 6852 250p | 745287 74S262N 500, 
74LS390 ICL7106 SFF96364 800p | 8205 m Ered 
7418393 IcLeo3a St490-350p | 212 nee en 
7418399 200p LF13331 $N76477 1795p | 8216 facet CRT CONTROLLER vee 
7ALS445 140 F351 SP8515 —-750p | 8224 jane COM 5037 imooutarons: Rote 
74L$540 138p Lra56P TA7205 —200p | 8228 Jasees Mc6845, pengla 
74L8541 135p twitoc TAASSO 0p | 261 aaeias Mcee4? 6MHe UHF 360p | 126 
74LS640  300p M3014 Taas21 —275p | 8253 rede SFF96364 MHz UHF 450p | 8128 
gas series | 7448641 3009 LM310 TBAG41B —-300p | g255 9365 
ta 7aL8642 —300p u3it TBA651 —200p | 8257 ped TMS9927 S92 
74800 2p | 748643 300p uM3i8 TBAB00 —90p_|_g259 93446 RESeTEaT 
7ALS02 12p | 74LS644 300p LM319. TBAB10 =: 100p_ | 8279 93448 DECODER 
74803 14p | 7aL S668 100p M324 TeAs20 9p | zeoP10 KEYBOARD SAAS020 «£6 
74Ls04 —14p | 7418669 1090p maa TBA950 300 | Ze0API0 BAUD RATE ENCODER SAAS030 £9 
Patsos 18 | 7418670 1709 M348 Tc9109 £10 | Zgoctc SEM gg | AY-5:2376 SAASO41 16 
74180! LM3seP TCA210 3560p | Zg0S101 AC 922N 
74LS09 (M377 TCA220 3560p eld meta e7 |” ‘SAASO50 fo 
74810 M: 
7aisit Ese A ToaTooaA goon | LOW PROFILE DIL SOCKETS BY TEXAS WIRE WRAP SOCKETS BY TEXAS 
7ALS12 LM386, TOA1008 = 320p. Bpin 9p 18pin 16p 24pin 4p Bpin —30p 18pin 50p 24pin 
70813 seach Maa? TOAI010 225p | 14pin 1p 20pin 18p 28pin _26p 14pin 35p 20pin 6Op 28pin 
7aLs14 On CMOS: 389 TOA1022  §50p 16pin 1p 22pin 2p 40pin —_30p 16pin 40p 22pin 65p 40 pin 
74.818 4000 M393 TOAI024 120p 
741820 4001 L394 TOA10348 250p JUMPER LEADS EURO CONNECTORS 
74821 4002 Lm709 TOA1170 300p 2A Ribbon able with DIP Headers: Plug 
74827 4006 UM710 TOA2002V. 325) 14pin 6pin 24pin DIN 41612 2 x 32-wa\ 
P y 
74830 4007 uw T0A2020 320p | SingleEnd 145p 165p 240p angled 2% 32.way 
7atsaz 4008 M733 TOA2541 3560p | OoubleEnd 210p 230p 3456p angled 3x 32-way 
74L833 4009 um741 TLO71/81 4p 24" Albbon Oe Soe (for 2 x 32 way specify a + bora +c) 
74837 4010 M747 TLO72/82 754 pin 26 pin 34 pin DIN 41617 31-w 200 
741838 4011 UM748 Ttom 4306 | SingleEnd top 210 270p #4 4 
7at8a2 4012 Uiges Tosa 110p | OoubleEnd 290p 385p —490p MIN, D CONNECTORS 
74.847 4013 COUNTERS LMrgg9 TLOs4 ——200p_| 24” Ribbon cable with edge conn. Sway Sway 2woy 
74LS51 4014 74c925— 850p | LM2917 T1170 50p 20way 34 way 40way MALE 
74LS85 4015 74C928 —_600p | LM3900 UAAI70 1170p. Single End) -278p). S25p. (6000) solder 9p 1385p 200; 
7ats73 4016 icM72168 2000p | LM3909 ULN2003 100p | 24" Cable with 25 way 0 Connector fer {S888 200 
74.874 4017 ICM7217A_ 850p | LM3911 XR2206 —-300p | Male S00p Female S40p angie Ree. eae 
74.875 4018 MKS0398N 750p | LM3914 2N414 90p lOc CONNECTORS FEMALE 
741876 4019 ZNI040E 700 | LM3915 ZNaI9C —225p 10 way 20 way 26 way 34 way 40 way solder 125p 190p 245p 
x 4020 M3916 Znaaae —135p | Header angled 175p 240 310) 
74885 4021 TTL & ECL M1360 ZNa25E8 3860p | Plug 90p 150p 200p 240p 270p hood (top/ 7 
74.886 4022 Mcaoz4 me3712 2Na266 —350p | Recep: side entry) 100p + 100p 100 
ratsae ‘za torte Maris Eniosee S0ep | oye oP ah SP MOP 219 | a7 wayContronix Type conn 
74183 4025 10231 MC1495t ZN1040€ 700p | Conn, 200p 250p 320p 380p S60p 
74L89i 4026 
748107 4027 VOLTAGE REGULATORS TRANSISTORS KEYBOARD EXPERIMENTOR 


74.8109 4028 Fixed Plastic TO:220 
7aLs112 4029 1” His oe BC107/8 1p BC557B 16p MJ2955 9p 2N2646 45p laa SAEAD ROARS 


7aLS113 4030 bv 7805 0p 7905 BCIO9/C 12p, BCS58B 12p MJ3001 225p 2N2905A 30p | Sq. Switch S0p Exp 300 £5.75 
7ats114 4031 7806 50p 7906 a BCRbIC 8p MJER55 130p 2NI053 op | Digitast 75p Exp 325 £3.25 
7ats122 4033 ” 7808 Sp 7908 Pp Op 2N3054 5p | My, 350 £31 
74.8123 4034 Y2v 7812 50p 7912 8C160 BCY71/2 22p MPF102 40p 2N3055 _50p ania eat 75p aed £18 
7408124 4035 15v 7815 5p 7915. BC161 80131/2 S0p MPF103/4 35p 2N3442 140p | SPecify C u 
watSie5 pes 18v 7818 Sp 7918 8ci77 80135/6 S0p MPF105 35p 2N3702/3 tap 
nes ae 2av 7824 §8p 7924 86178/9 80139 Sop MPSA12 50p 2N3704/5 12p | VALVO HUMIDITY SENSOR 
748132 4038 BC182/L BD140 50p TIP29A/C 45p 2N3773 300p BL30HRCOIL 
size 4039 By Telos. sop 73.08 BCIea/t 3p BD%28 JOP THPsIArG etp anaes 198 | MINI ORGANICSAA 

Pp 820 
ae Sie Slit! aa Gein aa aM Be Be somo 

» 90p 6 18 [VERO BOARD Vero WinngPen 3.40 
748138 4042 BC214/L BF257/8 36p TIP36C 340p 2N4871 — 605 
74.8139 4043 OTHER REGULATORS: 8C327 BF259 0p TIPAIA/C 7ap 2N5245 40p | (COPPER CLAD) — Wire Wrapping Too! £4.70 
74L$145 4044 ieee pres 8C337 BF337 —-30p_—TIPA2A/C B0p 2N5457/8 40p | 2.5" x 5' 90p —Veropins (100/pkt) Sop 
74.8147 4045 LM323K ame ganas BC338 BFRI6 = 180pTIP2955 90p 2N5459 40p | 2.5" x 3.7! 80p = Spot face cutter £1.30 
74L$148 4046 M723, 379 TOHGKC pect Beres ,, 2008 ipsoes wee 3NSG27 fe | MICROBOARD  Pininsertion Too! £1.60 
7418151 s IP P P | single Eurocar 
S15) 4047 7aGUIC 200p 78PO5 C5478 BFY52 —30p 2N2160 3650p 3N140/1 120p | Sinsle Eurocard £3.80 


74S153 4048 78HOS 550p RC4195NB C5488 BFY90 —_90p 2N2219A 30p 40873. 78p_ | Oouble Eurocard £5.25 


74L8154 4049 78HGKC 600p L497 5 
yaia7 7408185 4080 p BC5a9C MJ2501 225p 2N2222A 30p 40871/2 100p 


74148 74.156 4051 LOGIC PROBE KIT £12 
74150 748187 4052 OPTO-ELECTRONICS pIoDEs BRIDGES SCRS TRIACS 


74LS158 BY127 1A50V. JA50V  70p | Plastic 
ais yatsi60 age Beer” ga argo ona? TAt00V 5A400V 50p| 3Ad00V 6op | ELEKTERMINAL KIT £50 + 70p p&p 
74154 74LS161 4055 ORP12 900 TILI8 OAg1 1A600V BA 600V 140p | GA400V 70p 
74155 TALS 162 4056 “ A202 2A50V 16A100V200p | 6AS00V 90p 
5aiee oases ees OPTO-ISOLATORS Inova 2Ar00v Crago | 45p | BA400V 6p SOFTY II 
74157 7418164 _48p | 4060 rue {oo Tt INeoow2 Sa200V Treas’ 366 | ioasoov10s | Software/Hardware development tool for 
74189 743165 4063 MSC2400 1980p TILII6 1N4003/4 4A100V 2N3525 130p | 16A500V130p | programming, de-bugging/veritying and 
mie Be [eats |e Ls In | SRD! ee | GS | TAR? ie | burnngmon +s EPROM. 

1N5401/3 ip Pp 
74162 7at$173 4068 0.125" 02" iNS404/7 6AI00V Saike 112260 op |_Complete with PSU £169 + £2p&p 
74163 748174 4069 TIL32 55p TIL220 Red 1s920 6A400V 2.7V-33V il f 
74164 74LS175 4070 TIL209 Red Mp TIL222 Gr 10A100V200p 400MW 9p UV Eraser with built-in safety features 
74165 748181 4071 TIL212 Ye —-25p TIL228 Ye iw 5p uviB £42 + £1p&p 
ae alae Slee TaN Roo MB LEST 
ae eae lel pue pioelare ep ¥GiN) pcamountinc | JUNIOR COMPUTER KIT £86 plus £1p &p 
DIL RELAYS All Junior Computer Extension Boards available 
93 

patra yatsigs “on Benoa Teop wsesse1 570 | S¥OC 100R-coil, JUNIOR COMPUTER BOOK: 1£4 2 £4.50 3 £4.50 (p & p/book 70p) 
74174 7absi95 4081 L707 Red —140p TH311 600p | foyac e460 | TV Games Extension boards available. 
74175 74LS196 4082 DL 707 Gr 140p TIL312/3 110p - 
74176 74.197 4086 oL 7 Rea 28 mgave 130p ia De400F col PETES TOECORE peg ory ae ani 
74177 74$221 4089 IL rf ip 140p v TELETEXT DECODERKIT £85 (plus £1 p & p| 

M4LS241 FND357 120p 7750/60 200p 120v AC £1.60 r 
74100 yatseat pe FNDS00 ‘120 DRIVERS av 0c (Decoding Board and Keyboard Elektor Nov. 81) 
74181 748241 4095, on sae es Joop | | 270R coil Reprint of Teletext articles £1.25 (plus large SAE) 
an saga ate | soe HaNasto 200p UoNerie aap | SOTOA2DC PROGRAMMED EPROMS 
74185 7aLS248 4098 MONOSIO:. GGOORIUONGIEH! 8200s ae ae Junior Computer 2 x 2716 Intelekt Chess ea £8 


74186 7aL8245, 41039 Peon ei 2708 Basic £8 2716 TV Games £8 
74188 748247 40100 * SPECIAL OFFER * OPOT 5A 24v 0C 2716 Tape Management £8 71301 Elekterminal £7 
as wales phe 1-24 25.99 | 230vAC £225 | 9716 Prog. Management £8 2716 Disco Lights £8 
74192 74LS251 40103 2114L-200 95p 90p DIL REED RELAYS 82823 Interface £5 82S23 Freq. Counter (IC3C4) eafS 
7aisa gausaes: 40104 atis:200 Zep) 70P' | s.10v oceoll PCBs for most Elektor Projects available 

aes vatsase Paes 2716 215p —210p | OsASPOT £2.25 ‘SEE OUR FULL PAGE ADVERT IN THIS ISSUE FOR DETAILS ON 
isu is eee i ACORN ATOM & ZX 81 ACCESSORIES 


Please add VAT at 15% Orders from Government & Educational Institutions welcome 
(Export NO VAT) P&P 40p Special prices for volume enquiries. 

SEND SAE FOR DETAILED PRICE LIST 

Shop hours: Mon-Fri 9.30-5.30 Sat 10.30-4.30 


RETAIL SHOPS 17 BURNLEY ROAD, LONDON NW10 


TARCLAYCARD 
15 Burnley Rd., London NW10 cm Credit Cards accepted (2 minutes Dollis Hill tube station, ample street parking) 
305 Edgware Rd., London W2 Tel. 01-452 1500, 01-450 6597. Telex 922800 
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SG] SKTOM een cneutncre: ticaruota ehastieusca es cccesecuericueielsraGne ainenitanae ate SOs 

test TONE GONGKATOR ies fajesteheneisa.e’a ie svevessienseefarie-a pasta Bala 

How ‘BIASed’ are tapes? Although noise reduction and equalisation are 

necessary, the factor which contributes a considerable amount to the 

quality of recordings is correct application of ‘bias’. In order to set this 

and match tape to recorder, a test tone generator as described in this 

article is required. 

the digital keyboard assembly and debounce circuitry 

forthe Polyformant: «0 vivieccniecp ese aasterceesie tavern Bile 

U. Gotz and R. Mester 

As promised in the March issue, readers can commence building the Poly- 

formant. The article is devoted to the practical side, starting with the 

debounce circuits for the keyboard contacts and the input unit. 

miniature MW receiver ..... 0... cece eee ee eee tence ees B24 EDITOR: 

Using a well-proven chip, the article introduces a circuit with very few P. Holmes 

components, outperforming many commercially produced sets! In short a 

matchbox radio to set the world on fire. UK EDITORIAL STAFF 
T. Day — E. Rogans 

the Junior Computer as a frequency counter ............+.. 5-26 

G. Sullivan 

Microprocessors are often regarded as mathematical wizards. So why not Leaeehe ee shld 

use their aptitude for maths to the full and employ them also as a fre- G.H.K. Dam 

quency counter? E. Krempelsauer 
G. Nachbar 

ZOO CPU COVE Fisk s ou 5 FEE Haenw so ao ase wmmcdd dW we ele 5-28 A. Nachtmann 

U. Gétz and R. Mester K.S.M. Walraven 

The Z80 is one of the most popular microprocessors around, It’s about 

time the device was mentioned in Elektor. Although the Z80-A-CPU is the 

heart of the control unit for the new Polyformant, it is compatible with 

the Elektor bus system, therefore making the Eurocard collection access- 

ible to Z80 users. 

the Elektor: Artist ise sis mittens erp ee eeerre sew , 2 

It could be described as the ultimate in versatility for the electric guitar. 

This preamplifier (which can be used with any electronic instrument), 

provides a total of four inputs into two channels; extensive tone controls; 

built-in reverb and fuzz, with a large number of ‘loop’ switching facilities, 

giving the musician something at a reasonable cost which can only be 

found on more expensive equipment. We feel sure the Artist will satisfy 

constructors and discerning musicians alike. 

PFOP tachometer? wrasse etre sere wsvarasae oa ane eehesadiern ea ena eveye BOO ELEKT. 

A rev-counter for model aeroplanes. This design bridges the gap between the ultimate guitar preamp 

the differing worlds of electronics and balsa wood. When matching a fe ee 4 

particular propeller to an engine a reliable method for measuring the htedbiahses cschreaontnod 

rpm is extremely useful. The circuit described is straightforward in con- 

struction. 

BOOZ NOULGKEGDAM Wuiiieck sce en ws eda de dees ws. | OAD 

Not just a clock but a sophisticated housekeeper based on the 6502 micro- 

processor. It can be used to control a multitude of household appliances, 

such as cookers, lighting, alarms, central heating. Set it weeks in advance 

and go on holiday without a care in the world. 

RAM/EPROM card for the Z80 ...........0eeeeeeeeeeees 5-51 

A. Seul i 

In principle the RAM/EPROM card (Elektor September 80) can be used 

with a variety of systems. Just a ‘cut and shunt’ exercise with no ad- 

ditional components is required to interface this card to the Z80 and more 

importantly to the Z80-A-CPU, as introduced elsewhere in this issue. 

software cruncher and puncher ...........c0eceeeeeeeees 5-54 

An unusual title perhaps, but one which succeeds in describing in as few 

words as possible what this article is about: a disassembler and EPROM 

programmer for the Junior Computer. 

INVAGK OCs. stage cecatissasencrs sevekauedina ects Gk yetenausknier nye ino ee se IOZOT. 
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eps 
Many Elektor circuits are accompanied by designs for E42: OCTOBER 1978 E69: JANUARY 1981 
printed circuits, For those who do not feel inclined to resonance filter module 9951 4.45 10.50 _ disco ceiling lights 81012 8,70 —- 20.50 
etch their own printed circuit boards, for their own VHF/UHF modulator 9967 1.55 4.— raw power 81082 3.05 7.50 
use only, a number of these designs are available as big VU meter 
ready etched and pre-drilled boards, Delivery time is £43: NOVEMBER 1978 low voltage board 81085-1 2.30 5.50 
approximately three weeks, U,K./air mail, ASCII keyboard 9965 7.70 18.50 main board 81085-2 2.45 6.— 
E44; DECEMBER 1978 £70: FEBRUARY 1981 
elekterminal 9966 750  18,—  Voiced/unvoiced detector 
detector board 810271 340 8.— 
Example: E48: APRIL 1979 switch board 810272 4.05 9.50 
digispla E13) 9376 3.25 7.25 TV games computer: 2% digit DVM 
ye ae Sans UNF/VHE modulator display board 81105-1 2.40 5.50 
(see E42, October 1978) 9967 1.55 4— control board 81105-2205 5.— 
snclroule dete doauention 79073 19.95 47.50 £71: MARCH 1981 
: reference to associated article(s) Bower fuRDIy. 790731 2.48 6— movement detector 81110 2.35 5.50 
y keyboard p.c.b. 79073-2 3.65 8.50 MM seaten ae 81111 195 4.50 
seh oy Tieey, a Complete set of four board: multiple sound effects 
. price (in £) inclusive of 15% VAT ee ee canerstck B12, 208, 
eee Sr ca eecal get 79073-2), documentation High Com: 
. price in S, not including tax (if any! elcnatseratvare 2 complete modules 
record (ESS 006): 26.25 62.50 (built and tested) + 
1 main board + 
£ $ E49: MAY 1979 solf-adhosive 
E26: JUNE 1977 BASIC microcomputer 79075 640 15,— front panel 81117-1 35,70 — 85,— 
formant: keyboard interface for uPs 79101 1.40 3.50 power supply 81117-2 2.05 5.— 
interface (E25) 9721-1 3.35 8.— UAA LED voltmeter 
E50: JUNE 1979 (2 boards) 9817 2.70 6.50 
£29: SEPTEMBER 1977 stereo decoder 79082 2.40 5,60 peak.programme meter 9860 2— 5.— 
formant (E25, E26): 
interface receiver 9721-2 1.40 3.50 E53: SEPTEMBER 1979 £72: APRIL 1981 
power supply 9721-3 5,50 13.— parametric equaliser, transistor match-maker 81123 1,75 4— 
keyboard divider filter section 9897-1 1.65 4.— — intelekt 81124 665 1350 
(one octave) 9721-4 1.30 3— tone control section 9897-2 1.65 4— Universal power supply 81128 2.45 = 
E31: NOVEMBER 1977 £55: NOVEMBER 1979 E73: MAY 1981 
formant (E25... £30): topamp. 80023 145 3.50 logic analyser: 
VCO teins 9723-1 9.90 23.60 main board 81094-1 8.35 
experimenting with the SC/MP: E56: DECEMBER 1979 input Hoard 810042 215 
RAM-1/0 9846-1 6.90 1650  SEWAR 80009 2.85 2 memory board 810943 218 
SC/MP board 9846-2 2.60 6.— steam train 80019 1.90 450 cursor board 810944 3.25 
E32: Deer Boe £57: JANUARY 1980 Sitplay Beste ee alee 
formant one : digital tuning scale 
VCF 9724-1 4.35 10.50 two boardes 0021:1/2 ‘70s’ 7m » GPA WUNE 1881 
experimenting with the ey 34 new bus board (E33) 80024 585 14.— a iettccr ome 81033-1 19.05" 48.60 
SC/MP (E31): a E ’ talk funny (E56) 80054 155 3.50 =! oY supply 31033-2 148 3160 
E33: JANUARY 1978 £88: FEBRUARY 1980 erat betes 1033-3 130 3.— 
simple function generator 9453 3.28 C= “gerisliampllfiee 80022 1e8 | deo | ecorengscon Hie aes He 
formant (E25... £32): elektor vocoder, 
ADSR 9725-1 4,20 10,— bus board 0068-1 
UAA 180 LED voltmeter bus boerdi2 800682 990 23.50 75/76: SUMMER CIRCUITS 1981 
(two boards) 9817 2.70 6.50 filter board 0068-3 3.45 8— continuity tester 81151 1,25 3— 
experimenting with the input/output board  80068-4» 3.20 «7.50 _—seed controller PABOB AIR 
SC/MP (E31, E32): supply board 900685 2:85 7 loudspeaker peak 
bus board (E57) 9857 4— 9.50 3 ; indicator 81515 1.50 3.50 
memory card 9863 12.60 30— 59: MARCH 1980 random number generator 81523 2.40 6.— 
_— ‘hi-fi’ siren 81525 1.95 4.50 
E34; FEBRUARY 1978 ehoroayathy aC LE crystal tuning fork 81541 1.70 4 — 
formant (E25 .. . £33): EGO: APRIL 1980 humidity sensor 81567 1.60 4— 
DUAL-VCA 9726-1 4,35 1050  aidedecamp: 12V/2A 70438 110 250 hi-fi preamplifier 81570 435 10.60 
experimenting with the transistor ignition 30084 390 960 Universal digital meter 81575 2.95 7 
SC/MP (E31... £33): stop thiefl 30097 135 3 - __ input buffers for the 
HEX-1/O 9893 18.20 43.50 : - logic analyser 81577 2— 5.— 
E35: MARCH 1978 E61: MAY 1980 E77: SEPTEMBER 1981 
formant (E25... E34): BASIC cassette interface 80050 5.60 13.60 TV games computer 
LFO module 9727-1 4.50 11— PWMamplifier 80085 150 3.0 extension board 81143 19— —45,— 
noise module 9728-1 4.— 9.50 Junior computer: disco light controller 81155 3.20 7.50 
4k RAM card 9885 14.70 35.— main board 80089-1 1260 30— DFM+DVM 81156 4.25 10.— 
SC/MP power supply 9906 4.05 9.50 display board 80089-2130 3— revolution counter 81171 490 11.50 
supply board 80089-3 3.— 7.— digital barometer 81173 3.60 8.50 
E36: APRIL 1978 : d 
formant (E25... £35): £62: JUNE 1980 E78: OCTOBER 1981 
com 9729-1 4.— 9.50 # RF-test generator 81150 1.60 3.80 
elektornado 9874 3.55 ps0. -herpatter: 80130 140 250 economical fridge 
cassette interface 9905 3— 7.—  £63/64: SUMMER CIRCUITS 1980 defroster 81158 1,80 
STAMP amplifier 80543 1.40 3.50 EPROM programmer 81594 1.45 
E38: JUNE 1978 PROM programmer 80556 385 9. wide range dark room 
mini-counter 9927 3.15 7.50 E = timer 82004 = 2.25 
shutter speed meter 82005 3.75 
£39/40: SUMMER CIRCUITS 1978 E65: SEPTEMBER 1980 LCD panel meter 82011 1.65 
touch dimmer 78065 1.30 3— 8K RAM+EPROMcard 80120 13.15 31.50 universal LED display 82015 1.60 
preconsonant 9954 2.25 5.50 
E67: NOVEMBER 1980 E79: NOVEMBER 1981 
E41: SEPTEMBER 1978 central heating pump teletext 
formant control 81019 255 6.— decoder board 82001-2 5.35 12.50 
24.dB VCF 9953-1 4.10 10.— fridge alarm 81024 145 3.50 keyboard section 820013 3.15 7.50 


ORDERING INFORMATION Payment must be in advance. 


1. For U.K. and all countries except the U.S.A.: Payment, incl. £ 0.50 post & packing, to Midland Bank Ltd., Canterbury, A/C no. 11014587, 
Sorting code 40-16-11. Please make your cheque payable to Elektor Publishers Ltd., Canterbury, England. 
2. For the U.S.A. only: Please make your cheque/money order payable to Elektor Publishers Ltd., Bank of America, c/o File No. 1504, 
1000 W. Temple, Los Angeles, Cal. 90074, A/C no. 12350-04207. Prices include post & packing, surface mail. If air mail, please add $ 1.50. 
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sine-wave oscillator 82006 2.10 5.— talking board interface 82068 1.60 4— 
telephone amplifier 82009 1,55 3.50 darkroom thermostat 82069 2.— 5.— 
power supply 9968-5A 1.40 3.50 universal NiCad charger 82070 2.05 5.— 
mini organ 82020 3.50 8.50 
metal detector 82021 5.65 13.50 £83: MARCH 1982 
LCD frequency counter 82026 2— 5.— wind sound generator 82066 1.60 4— 
high boost 82029 1.85 4.50 automatic squelch 82077 1.90 4.50 
synthesiser COM 9729-1 4— 9.50 
E80; DECEMBER 1981 synthesiser power supply 82078 3.70 a— 
70cm transverter (Oct.) 80133 12.50 30.— bus board 82079 3.35 8.— 
teletext DNR noise reduction 82080 2.85 Ved 
receiver board 82001-1 4.10 10,.— lead acid charger 82081 1.95 4.50 
video control board 820014 4.25 10.— 
VHF-UHF converter E84; APRIL 1982 
board 9864 1.75 4— dynamic RAM card 82017 4.90 11.50 
IPROM. 82019 1.65 4— 100 W amplifier 82089-1 2.60 — 
synthesiser VCO 82027 440 10.50 100 W power supply 82089-2 2.40 5,50 
flashing light 82038 1.60 4— 2114 RAM tester 82090 1.90 4,50 
capacitance meter connection tester 82092 1.55 3.50 
module “82040 2— 5.— mini EPROM card 82093 1,65 4,50 
TV sound interface 82094 1.90 4,50 
£81: JANUARY 1982 
EPROM programmer 82010 465 1.— NEW 
150 MHz frequency 
counter 82028 3— y Ed E85: MAY 1982 
synthesiser VCF +VCA 82031 4.25 10,— 6502 housekeeper 
frequency multiplier 82041 2.05 5.— main board 81170-1 4.05 9.50 
display board 81170-2 3.05 7.50 
E82; FEBRUARY 1982 elektor artist 82014 10.05  24.— 
synthesiser ADSR 82032 4,20 10.— Z80-A CPU card 82105 705 17.— 
synthesiser LFO. 82033 3.90 9.50 polyformant input 
10W/70 cmamplifier 82043 2.50 6.— + debounce 82106 245 6.— 
teletext power supply 82065 1.55 3.50 prop-tachometer 82116 2.10 5.— 


eps front 


front panels for Formant (E25 ., . E35) 


interface 9721-F 1.60 4. 
vco ‘ 9723-F 1.60 4, 
VCF 9724-F 1.60 4, 
ADSR 9725-F 1.60 4, 
DUAL-VCA 9726-F 1,60 4, 
LFOs 9727-F 1,60 4— 
NOISE 9728-F 1.60 4— 
COM 9729-F 1,60 — 


Complete set of 11 panels (includes 3 x VCO and 
2x ADSR): £ 15.80 or $ 37.50 


24 dB VCF (E41) 9953-F 1.60 4— 
resonance filter 
module (E42) 9951-F 1.60 4— 


simple function 
generator (E33,E38)  9453-F 2,50 6.— 


45 RPM records with uP programs 


singing SC/MP: well- 

known Christmas 

melodies, both as ESS002 1.40 3.50 
SC/MP program and 

‘live’ 


NIBL-E Ess004 140 3.50 
for SC/MP: Luna, 
battleships, keypley, ESS005 2.20 5.50 


runtext, biorhythm 
tracer, disassembler 


ORDERING INFORMATION Payment must be in advance. 


cassette with uP programs 


15 programs: jackpot, 
reversie, amazone, 
code breaker, etc. 


uP TV games: 
\ ESS007 4.25 10.50 


uP TV games: 

15 programs: invaders, 

fishing, maze adventure, ¢ FSS009 5.26 12.50 
memory, pontoon, nim, 

etc. 


1. For U.K, and all countries except the U.S.A.: Payment, incl. £0.50 post & packing, to Midland Bank Ltd., Canterbury, A/C no. 11014587, 
Sorting code 40-16-11. Please make your cheque payable to Elektor Publishers Ltd., Canterbury, England. 


2. For the U.S.A. only: Please make your cheque/money order payable to Elektor Publishers Lt 


, Bank of America, c/o File No. 1504, 


1000 W. Temple, Los Angeles, Cal. 90074, A/C no. 12350-04207. Prices include post & packing, surface mail. If air mail, please add $ 1.50. 


5-06 — elektor may 1982 
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Elektor Publishers Ltd., Elektor House, 

10 Longport, Canterbury CT1 1PE, Kent, U.K. 
Tel.: Canterbury (0227) 54430. Telex: 965504. 
Office hours: 8.30 - 12.30 and 13.30 - 16.30. 


Bank: 1. Midland Bank Ltd., Canterbury, A/C no. 11014587 
Sorting code 40-16-11, Giro no, 315.42,54 
2. U,S.A, only: Elektor Publishers, File no. 1504, 
1000 W. Temple, Los Angeles, CA 90074, 
Bank of America, A/C no, 12350-04207. 
3. Canada only: The Royal Bank of Canada, 
c/o Lockbox 1969, Postal Station A, Toronto, 
Ontario, MSW 1W9, A/C no, 160-279-7. 
Please make all cheques payable to Elektor Publishers Ltd. at the 
above address. 


ISSN 0308-308X 


Elektor is published monthly. July/August is a double issue. 


SUBSCRIPTIONS: Elektor Publishers Ltd., Elektor House, 
10 Longport, Canterbury CT1 1PE, Kent, U.K. 
Subscriptions January to December incl.: 


U.K. U,S.A./Can. other countries 
surface mail airmail surface mail airmail 
£6.50 $ 21,00 $ 39.00 £8.50 £17.50 


Subscriptions normally run to December incl, 
Back issues are available at original cover price. 


Change of address: Please allow at least six weeks for change of address. 
Include your old address, enclosing, if possible, an address label from a 
recent issue. 

ASSISTANT PUBLISHING MANAGER: Mrs. S. Barber 


ADVERTISING MANAGER: Mr, S, Brooks 

National advertising rates for the English-language edition of Elektor 
and international rates for advertising in the Dutch, French and German 
issues are available on request. 
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P, Holmes 
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T. Day E, Rogans 


TECHNICAL EDITORIAL STAFF 
J. Barendrecht G, Nachbar 
G.H.K, Dam A. Nachtmann 


€. Krempelsauer K.S.M. Walraven 


Technical telephone query service, Mondays only, 13.30 - 16.15, 
tel.: 0227-53474, 


For written queries, letters should be addressed to dept TQ. 
Please enclose a stamped, addressed envelope or a self-addressed 
envelope plus an IRC. 


Letters should be addressed to the department concerned: 
TQ = Technical Queries ADV = Advertisements 
ED = Editorial (articles sub- ADM = Administration 
mitted for publication etc.) EPS = Elektor printed circuit 
board service 


The circuits are for domestic use only. The submission of 

designs or articles to Elektor implies permission to the publishers to 
alter and translate the text and design, and to use the contents in other 
Elektor publications and activities, The publishers cannot guarantee to 
return any material submitted to them, All drawings, photographs, 
printed circuit boards and articles published in Elektor are copyright 
and may not be reproduced or imitated in whole or part without prior 
written permission of the publishers. 


Patent protection may exist in respect of circuits, devices, components 
etc, described in this magazine. 

The publishers do not accept responsibility for failing to identify such 
patent or other protection. 


Dutch edition: Elektuur B.V., 6190 AB Beek (L), the Netherlands. 
German edition: Elektor Verlag GmbH, 5133 Gangelt, W-Germany. 
French edition: Elektor Sarl, Le Seau, 59270 Bailleul, France. 
Italian edition: Elektor, 20092 Cinisello B., Italy. 

Spanish edition: Elektor, Villanueva, 19, 1.°, Madrid-1 


Distribution in U.K.: 
Seymour Press Ltd., 334 Brixton Road, London SW9 7AG. 


Copyright © 1982 Elektor Publishers Ltd. — Canterbury. 
Printed in the Netherlands. 


What is a TUN? 

What is 10 n? 

What is the EPS service? 
What is the TO service? 


What is a missing link? 


Semiconductor types 

Very often, a large number of 

equivalent semiconductors exist 

with different type numbers. For 
this reason, ‘abbreviated’ type 
numbers are used in Elektor 
wherever possible: 

@ '741' stand for nA741, 
LM741,MC1741, MIC741, 
RM741,SN72741, etc. 

@ ‘TUP’ or ‘TUN’ (Transistor, 
Universal, PNP or NPN respect- 
ively) stand for any low fre- 
quency silicon transistor that 
meets the following specifi- 
cations: 


UcEO, max 20V 

Ic, max 100 mA 
fe, min 100 

tot, max 100 mw 
T,min 100 MHz 


Some ‘TUN’s are: BC107, BC108 
and BC109 families; 2N3856A, 
2N3859, 2N3860, 2N3904, 
2N3947, 2N4124, Some ‘TUP’s 
are: BC 177 and BC 178 families; 
BC 179 family with the possible 
exeption of BC 159 and BC179; 
2N2412, 2N3251, 2N3906, 
2N4126, 2N4291. 


@ ‘DUS’ or ‘DUG’ (Diode Univer- 
sal, Silicon or Germanium 
respectively) stands for any 
diode that meets the following 
specifications: 


DUS DUG 
UR, max | 25V 20 V 
F, max 100mA | 35mA 
Ri max 1A 100 pA 
tot, max | 250mW | 250 mw 
D,max | SPF 10 pF 


Some ‘DUS’ are: BA127, BA 217, 
BA 218, BA 221, BA 222, BA317, 
BA318, BAX 13, BAY 61, 1N914, 
1N4148, 

Some ‘DUG’s are: OA85, OA91, 
OA95, AA116. 


© ‘BC107B’, ‘BC237B’, ‘BC547B’ 
all refer to the same ‘family’ of 
almost identical better-quality 
silicon transistors. In general, 
any other member of the same 
family can be used instead. 


BC107 (-8, -9) families: 

BC107 (-8, -9), BC147 (-8, -9), 
BC207 (-8, -9), BC237 (-8, -9), 
BC317 (-8, -9), BC347 (-8, -9), 
BC547 (-8, -9), BC171 (-2, -3), 
BC182 (-3, -4), BC382 (-3, -4), 
BC437 (-8, -9), BC414 


BC177 (-8, -9) families: 

BC177 (-8, -9), BC157 (-8, -9), 
BC204 (-5, -6), BC307 (-8, -9), 
BC320 (-1, -2), BC350 (-1, -2), 
BC557 (-8, -9), BC251 (-2, -3), 
BC212 (-3, -4), BC512 (-3, -4), 
BC261 (-2, -3), BC416. 

Resistors and capacitor values 
When giving component values, 
decimal points and large numbers 


of zeros are avoided wherever 
possible. The decimal point is 
usually replaced by one of the 
following abbreviations: 
(pico-) = u4 


G (giga-) = 
A few examples: 

Resistance value 2k7: 2700 2. 
Resistance value 470: 470 2. 
Capacitance value 4p7: 4,7 pF, or 
0,000 000 000 004 7 F 
Capacitance value 10n: this is the 
international way of writing 
10,000 pF or .01 uF, since 1 nis 
10°° farads or 1000 pF. 
Resistors are 4 Watt 5% carbon 
types, unless otherwise specified, 
The DC working voltage of 
capacitors (other than electro- 
lytics) is normally assumed to be 
at least 60 V. As a rule of thumb, 
a safe value is usually approxi- 
mately twice the DC-supply 
voltage, 


Test voltages 

The DC test voltages shown are 
measured with a 20 k/V instru- 
ment, unless otherwise specified. 


U, not V 

The international letter symbol 
‘U' for voltage is often used 
instead of the ambiguous ‘V', 

‘V' is normally reserved for ‘volts’, 
For instance: Up = 10 V, 

not Vp=10V. 


Mains voltages 

No mains (power line) voltages 
are listed in Elektor circuits. It is 
assumed that our readers know 
what voltage is standard in their 
part of the world! 

Readers in countries that use 

60 Hz should note that Elektor 
circuits are designed for 50 Hz 
operation. This will not normally 
be a problem; however, in cases 
where the mains frequency is used 
for synchronisation some modifi- 
cation may be required, 


Technical services to readers 

@ EPS service. Many Elektor 
articles include a lay-out for a 
printed circuit board, Some — but 
not all — of these boards are avail- 
able ready-etched and predrilled. 
The ‘EPS print service list’ in the 
current issue always gives a com- 
plete list of available boards, 

© Technical queries. Members of 
the technical staff are available to 
answer technical queries (relating 
to articles published in Elektor) 
by telephone on Mondays from 
13.30 to 16.15. Letters with 
technical queries should be 
addressed to: Dept. TQ. Please 
enclose a stamped, self addressed 
envelope; readers outside U.K. 
please enclose an IRC instead of 
stamps. 

@ Missing link. Any important 
modifications to, additions to, 
improvements on or corrections 
in Elektor circuits are generally 
listed under the heading ‘Missing 
Link’ at the earliest opportunity. 
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TECHNO MANIC RTD 


17 BURNLEY ROAD, Ample parking space 305 EDGWARE ROAD 
LONDON NW10 (2 mins. from Dollis Hill Tube Station) LONDON W2 (opp. Edgware Rd. Tube Station) 
Tel. 01-452 1500/450 6597 TLX. 922800 


YOUR ONE STOP SHOP FOR PERSONAL COMPUTERS, ACCESSORIES, SOFTWARE & COMPONENT REQUIREMENTS 


ACORN ATOM 


ke FULL ASCII KEYBOARD 


1,.8A 8V PSU £7.00 p&p £1.20 
4K F.P, ROM £20 
1K RAM (2 x 2114L) £2.00 
TOOL BOX ROM £25 
WORD PROCESSOR ROM £26 
NEW COLOUR CARD £32 


* AVAILABLE IN KIT OR BUILT VERSION 


* PLUGS DIRECTLY INTO A DOMESTIC TV 
AND ANY TAPE RECORDER 


CONNECTORS 
PL6/7 £3.50 each SKG6/7 £4 each PL5/SK5 £2 each 
PL4/SK4 £0.90 each 
MEMORY EXPANSION 
8K RAM + 16K EPROM (or 16K RAM) PCB £11.50 
64K D RAM Module (fits inside ATOM case) £95.00 

BOOKS (No VAT, 50p p&p per book) 
Getting aquainted with your ATOM £7.95 
ATOM Business £6.95 ATOM Magic Book £5.95 


ON BOARD MEMORY 12k + 12K 


* BASIC AND ASSEMBLER IN MONITOR ROM 


3?way Centronix Type £6.50 


PLUS MORE 
PRICE : BASIC 8K + 2K Kit £120 Built £135 FULLY EXPANDED 12K + 12K £180 (£2.50 p + p/unit) 
SOFTWARE : Games Pack 1 — 10, Maths Pack 1 — 2, Soft VDU, Desk Diary, Forth, Adventures, Synthesizer, Life £10 each 
SPECIAL OFFER : ATOM INTRO PACKAGE (Incl, Interactive Teaching, Financial Planning, Household & Games) £10 
BUGBYTE : 747 FLIGHT SIMULATOR, GALAXIAN, INVADERS, CHESS | £7.00 each Breakout, Fruit Machine, 
UFO Bomber, DISASSEMBLER, Pinball £3.50 each Star Trek £4.30 

ATOM SOUND BOARD : This board plugs directly into the external bus and provides full range programmable AUDIO. 
OUTPUT, 2 parallel ports and 1 series port On board ROM with Demo Sound Program. Kit complete with all 1C%s sockets 
and connectors, Price £35 + £1 p & p 

ATOM VISION SYSTEM, comprises of ultrasonic transducer driven by a stepper motor. Many exciting applications incl, Robotic vision, Computer tracking ete, Complete kit £48 + £1 p & p 
SOFTWARE CASSETTE complete with fully documented assembler listing £4.70 


ZX81 Upgrade your ZX81with a professional keyboard 


An attractive anodized custom One piece 47 key full travel keyboard module fully 
made case to house our keyboard built with flexible connectors ready to plug into ZX81 
and the ZX81 PCB £13 + £1 p&p £34 + £1.50 p&p 
ZX80/81 Expansion MOTHERBOARD : This board provides the most economical 
ZX Connectors : Female to Female £5.50 and reliable way of fitting two add-on boards plus the RAM 
(To connect Motherboard to ZX) pack. On board voltage regulator drives all external boards and 
Female to Male £5.00 overcomes the overheating problems. £10.50 

(To connect RAM PACK or any 
other add-on direct to ZX) 3K Static Ram Board for ZX80/81 £16.00 


HIGH RESOLUTION GRAPHICS BOARD (256 x 192 pixels): 6K RAM on board. Resident software in ROM provides 
extremely fast High Res. facilities which include MIXED TEXT & GRAPHICS. Screen can be copied to the printer. 


£75 + £2 p& 
USER PORT : Provides 8 channel INPUT & 8 channel OUTPUT PORTS. DIRECT DRIVE FOR SPEAKER & RELAY. 
All controlled from BASIC. Kit £11.50 Built £14.95 
APPLICATION NOTES FOR USER PORTS(Reprint from PCW articles) £1.00 
ZX SOFTWARE 
DEFENDERS* £5.50, ASTEROIDS* £5.50, STAR TREK £4.40, INVADERS £3.50, CHESS £6.00, 
DAMSEL & THE BEAST £5.70, CONSTELLATION £7.00, DICTATOR £7.80, BUMPER 7 £4.30 
LABRYNTH £5.20, NIGHTMARE PARK/MUSIC £6.05, DRAGON MAZE/LIFE £6.05, 


SPACE INVADERS/PLANETOIDS £6.05 MULTIFILE £16.00, ZXAS ASSEMBLER £3.45, ZXDB DEBUGGER £5.20 
(* Acknowledged to be best yet arcade type game for ZX) 


BOOKS (No VAT 50p p&p per book) 

Gateway guide to ZX80/81 £5.95, Getting aquainted with ZX81 £4.95, Mastering the Machine Code on ZX81 £5.95, 

Machine Language made simple £8.95, Sinclair ZX81 for Real Applications £6.95, Understanding your ZX81 ROM £8.95 
49 Explosive Games £5.25 

SEND FOR OUR DETAILED LIST ON ZX SOFTWARE 


FLOPPY DISC DRIVE MECHANISMS MONITORS 
TEAC FDSO0A 5%" £150 + £2.50 p&p 12” 

OLIVETTI EDSO1AF 5%" £150 + £2.50 p&p sa te ae pes 
XELTRON DISKETTES: 

S.$.D.D. £23 for 10 diskettes + library case PRINTER 

D.S.D.D. £27 for 10 diskettes + library case EPSON MX80 F/T £350 + £7 p&p 


SEE OUR INSIDE FRONT COVER PAGE ADVERTISEMENT FOR COMPONENT PRICES 


For Export p&p will be charged at cost. Telephone orders (min. £5) can be placed using Access or Barclaycard 
ORDERS FROM GOVERNMENT & EDUCATIONAL ESTABLISHMENT WELCOME 


Please add 40p p&p to all orders except where it is specified. Add 15% VAT to total order value. Ce 
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Amazing LCD Multimeter 
Price Breakthrough ! 


. HC601 FULLY GUARANTEED 
‘ DIGIT MULTIMETER WITH 
 \ PUSHBUTTON SELECTOR 

_ INPUT IMPEDANCE 10 Ma 


ONLY £34.50 


(+P &P, Ins, and VAT) 
INCLUDES BATTERY, 
LEADS AND INSTRUC- 


OVERLOAD 
PROTECTED 


LOW BATTERY 
INDICATOR 


DC Volt accuracy 0.6% 
AUTO POLARITY 


DC Current 200uA — 2A 
(0.1pA Resolution) 


AC Current 200uA — 2A 
(0.1pA Resolution) 


Weight 140z (inc. battery) 
Size 170mm x 90mm x 38mm 


Ranges : 


DC Volts 200mV — 1000V 

(100pV Resolution) 

AC Volts 200mV — 750V Resistance 20002— 20MQ 

(100pV Resolution) (0.1Q Resolution) 
Unbreakable plastic case with latest technology LSI circuitry. 


WHY PAY OVER £100 FOR A COMPARABLE 
MULTIMETER? 


CRICKLEWOOD ELECTRONICS LTD. 


40 CRICKLEWOOD BROADWAY, EONDON NW2 3ET. TEL: 01-452 oeN 


Please send to: 


Name « 


Address .,. 


» Quantity HC601 Multimeters at £34,50 . 


+ QOp Post, Packing and Insurance per Meter .« 
BARCLAYCARD +15% VAT . 
AMERICAN] 


aa 
VISA gee | enclose cheque for £ .... 


Alternatively please debit my Access, Barclaycard, Visa, 
American Express Card Number... 


You may also phone 01-452 0161 with your credit card order 
POSITIVE LIGHT SENSITIVE 
AEROSOL LACQUER 


Enables YOU to produce perfect printed circuits in minutes. 
Method: Spray cleaned board with lacquer. When dry, place 
positive master of required circuit on now sensitized board, 
Expose to daylight, develop and etch. Any number of exact 
copies can of course be made from one master. Widely used 
in industry for prototype work. 

FOTOLAK £2.00 


Developer 30 
Ferric Chloride 50 


Pre-coated 1/16” Fibre-glass board 
204mm x 114mm 
204mm x 228mm 
408mm x 228mm 
467mm x 305mm 


Single-sided 


£1.50... 


Plain Copper-clad Fibre-glass Double-sided 
Approx. 2.00mm thick. Sq. ft 
Approx. 1.00mm thick. Sq. ft 
Clear Acrylic Sheet for making master 
Postage & Packing 80p per order. VAT 15% on total 


£1.75 
12p. 


G.F. MILWARD ELECTRONIC COMPONENTS LTD. 
P.O. BOX 19, CASTLE DRIVE, PRAA SANDS, 


PENZANCE, CORNWALL. Tel. 073 676 2329 


advertisement 


\) 


(i) 


1 


Up-to-date electronics 
for lab and leisure 


eleltor 


If you experienced difficulty in obtaining this 
magazine take this form along to your 
newsagent and ask him to reserve a copy for 
you each month. 

To the newsagent: 

If you experienced difficulty in fulfilling our 
customers order, contact our distributors: 
Seymour Press, 334 Brixton Road, 

London SW9 7AG. 


Surname 


Initials 


Street/Ave./Blvd. 


Town 


il 
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$X1000 MAGIDICE 


Electronic Ignition Electronic Dice 
@ Inductive Discharge @ Not an auto item but great fun 
@ Extended coil energy for the family 

storage circuit @ Total random selection 
@ Contact breaker driven @ Triggered by waving of hand 
@ Three position changeover switch over dice 
@ Over 65 components to assemble @ Bleeps and flashes during a 4 second Ij 
@ Patented clip-to-coil fitting tumble sequence 
@ Fits all 12v neg. earth vehicles @ Throw displayed for 10 seconds 
@ Auto display of last throw 1 second in 5 
@ Muting and Off switch on base 
@ Hours of continuous use from PP7 battery 
@ Over 100 components to assemble 


S$X2000 


Electronic Ignition 
@ The brandleading system 


TX2002 
on the market today 


© Unique Reactive Discharge ; Electronic Ignition 
@ Combined Inductive and 7 @ The ultimate system @ Switchable 


Capacitive Discharge contactless. @ Three position switch with 
@ Contact breaker driven i. Auxiliary back-up inductive circuit 
@ Three position changeover switch so @ Reactive Discharge. Combined capacitive 
@ Over 130 components to assemble and inductive. @ Extended coil energy storage 
@ Patented clip-to-coil fitting . circuit. @ Magnetic contactless distributor trig! ager 
@ Fits all 12v neg. earth vehicles head. @ Distributor triggerhead adaptors inclu 


@ Can also be triggered by existing contact breakers 

@ Die cast waterproof case with clip-to-coil fitting @ Fits 
majority of 4 and 6 cylinder 12v neg. earth vehicles. 

@ Over 150 components to assemble 


VOYAGER Car Drive Computer 


@ A most sophisticated accessory. @ Utilises a single chip mask 
programmed microprocessor incorporating a unique programme 
designed by EDA Sparkrite Ltd. @ Affords 12 functions centred 
on Fuel, Speed, Distance and Time. @ Visual and Audible alarms 
warning of Excess Speed, Frost/Ice, Lights-left-on. @ Facility to 
operate LOG and TRIP functions independently or synchronously. 
@ Large 10mm high 400ft-L fluorescent display with auto 
intensity. @ Unique speed and fuel transducers giving a 
programmed accuracy of + or — 1%. @ Large LOG & TRIP 
memories. 2,000 miles. 180 gallons. 100 hours. @ Full Imperial 
and Metric calibrations. @ Over 300 components to assemble 
A real challenge for the electronics enthusiast! 


Electronic Car Security System 

@ Arms doors, boot, bonnet and has security loop to protect 
fog/spot lamps, radio/tape, CB equipment 

@ Programmable personal code entry system 
@ Armed and disarmed from outside vehicle using a special | 
magnetic key fob against a windscreen sensor pad adhered to 
the inside of the screen @ Fits all 12V neg earth vehicles 

@ Over 250 components to assemble 


All EDA-SPARKRITE products and designs are fully covered by one or more World Patents. 


EDA SPARKRITE LIMITED 82 Bath Street, Walsall, West Midlands, WS1 3DE Enatand! Tel: (0922) 614791 
mmm HeHe HR HRHRHEHRHRHHHE HEHEHE He 


ROSE KIBLY READY Please allow 28 days for delivery 
BUILT 
KIT UNITS NAME iz 
ADDRESS —— eS 


SX 1000 £12.95 £25.90 
SX 2000 £19.95 £39.90 


TX 2002 £29.95 £59.90 | ENCLOSE CHEQUE(S)/POSTAL ORDERS FOR 
AT. 80 £29.95 £59.90 ga KIT REF. aera 
VOYAGER £59.95 £119.90 CHEQUE NO. 2s = eo ee 
hr. At hi 
MAGIDICE £9.95 £19.90 PHONE YOURORDERWITHACCESS/BARCLAYCARD 


PRICES INC. VAT.POSTAGE & PACKING SEND ONLY SAE IF BROCHURE IS REQUIRED 


ee CUT OUT THE COUPON NOW! 
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JUNIOR COMPUTER BOOK 1 — for anyone wishing to become familiar 
with (micro)computers, this book gives the opportunity to build and program 


se/mpuier Q) 
a personal computer at a very reasonable cost. 


beech Cia Brice es\U Ky aftscuscinwstin ccs £4.50 Overseas... ........ £475 


JUNIOR COMPUTER BOOK 2 — follows in a logical continuation of 
Book 1, and contains a detailed appraisal of the software. Three major pro- 
gramming tools, the monitor, an assembler and an editor, are discussed to- 
gether with practical proposals for input and peripherals. 

Price—UK ....eenee £4.75 Overseagisabs, i) «aslo s- 5% « £5.00 


JUNIOR COMPUTER BOOK 3 — the next, transforming the basic, 


single-board Junior Computer into a complete personal computer system, 
Price—UK oer eis £4.75 Overpeasinccs. Szarespiels « « £5.00 


300 CIRCUITS for the home constructor — 300 projects ranging from 
the basic to the very sophisticated. 
Price —UK .....+.4. £3.76 Overseas. .......+.. £4.00 


| DIGIBOOK — provides a simple step-by-step introduction to the basic 
theory and application of digital electronics and gives clear explanations 
of the fundamentals of digital circuitry, backed up by experiments designed to 
| reinforce this newly acquired knowledge. Supplied with an experimenter’s 
PCB, ; 
Price = UK if gates ict aus £5.00 Overseas 56 i i 'ilets ete £5,25 


FORMANT — complete constructional details of the Elektor Formant 
Synthesiser — comes with a FREE cassette of sounds that the Formant is 
capable of producing together with advice on how to achieve them, 

Price UK . ino £4.75 Overseas ineaiiceris. 09 ove £5.00 


SC/MPUTER (1) — describes how to build and operate your own 
microprocessor system — the first book of a series — further books 
will show how the system may be extended to meet various require- 
ments, 

Price—UK ...... £3.95 Overseas. ee ee £4.20 


SC/MPUTER (2) — the second book in series. An updated version of 
the monitor program (Elbug I!) is introduced together with a number 
of expansion possibilities. By adding the Elekterminal to the system 
described in Book 1 the microcomputer becomes even more versatile. 

Price—UK ...... £4,25 Overseas........,... £4.50 


sc/mputer ¢ ( 


\ 


BOOK 75 — a selection of some of the most interesting and popular 
construction projects that were originally published in Elektor issues 1 
to 8, 

Price = UK vse ciens £3.75 Overseas..... £4.00 


BOOK 75 — a selection of some of the most interesting 
and popular construction projects that were originally 
published in Elektor issues 1 to 8. 

Price—UK ..... £3.75 Overseas..... £4.00 


TV GAMES COMPUTER — this book provides a 
different — and, in many ways, easier — approach to 
microprocessors, The TV games computer is dedicated 
to one specific task, as the name suggests, This provides 
an almost unique opportunity to have fun while learning! 
Price UK ..... £5.00 Overseas..... £5.25 


When ordering please use the Elektor Reader's Order Card 
in this issue (the above prices include p. & p.) 
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os EDMUND SCIENTIFIC 

GC ILLUSTRATED CATALOGUE 

O At last this famous range of 

products is now available in the 

q U.K. and Ireland from RHEINBERGS 

NW SCIENCES LIMITED. Over 2000 products 
oOo for industry, education and the enthusiast. 


Microscopic Accessories Solar Energy 

Magnifiers & Microscopes Optics 

Light Magnets 

Fibre Optics Laboratory Equipment 
Motors & Pumps Lasers 

Infrared Products Photography 

Polarizing Material Educational Kits 

Tools Diffraction Gratings 

OEM Holography 

RHEINBERGS SCIENCES LIMITED, Dept. EI = 
Sovereign Way, Tonbridge, Kent TN9 1RN. Tel: 0732 357779 


Printed circuit boards from _ individual 
drawings, photography, prototypes, small/ 
medium runs. 

Resist coated glass fibre laminate for DIY 
no unusual chemicals required. Photo- 
graphic positives and PCBs for those designs 
not offered by Elektor from issue no. 18 
onwards. 


Drawing materials, 

Etch resist transfers, 

Selected range accessories and components. 
Send 20p for catalogue. 

Ramar Electronics Services Ltd. 


Masons Rd, Stratford on Avon CV37 9NF. 
Tel. 4879 


MUSIC KITS 


ALL WITH PRINTED CIRCUIT BOARDS! 


Drum-synthesiser SET119 50.11 

Enlarger Timer SET93 39.22 

Formant Synthesiser See Lists 342.71 
11.7! 


Kimber-Allen Keyboards See Lists 
128-Note Sequencer SET76 120.45 


16-Note Sequencer SET86 64.63 


3-Channel Mixer SET107 21.50 | Frequency Doubler  SET98 5 
3-Microphone Mixer SET108 12,99 | Funny Talker SET99 16.55 
6-Channel Mixer SET9O 96.67 | Guitar Effects SETA2 15.92 
Analogue Reverb SET83 45,92 | Guitar Multiprocessor SET85 79.15 
Audio Effects SET105 15.12 | Guitar Overdrive SETSC 21.17 
Chorosynth SET100 125.04 | Guitar Sustain SET75 11.77 
Compressor SET120 25.05 | Headphone Amplifier SET104 21.15 
Digital Reverb SET78 75.50 Metronome SET118 10,58 


Microphone Preamp SET61 11.32 


Discostrobe SETO? S078 1 Noise Limiter SET97 15.96 


10% OFF U.K. C.W.0. ORDERS OVER £20 FROM 
THIS AD UNTIL END OF MONTH ON COVER. (5% 
OFF FOR CREDIT CARDS). THIS COUPON MUST 
ACCOMPANY ORDER. CODE EL24 


P.E. Minisonic Synth. SET38 181.56 String Ensemble SET77 214.47 
Phaser SET88 21.08 Switched Treble Boost SET89 12.51 
Phasing & Vibrato SET70 Synthesiser Interface SET81 9.49 
Practice Amplifier SET106 Transient Generator SET63 16.86 
Pulse Generator SET115 84 Tremelo SET1I16 13.47 
Rhythm Generators SET103 See Lists Tuning Fork SET46 37.04 
Ring Modulator SET87 13.62 Voice Operated Fader SET30 9.85 
Sewar SET101 31.85 Voice-scrambler SET117 21.81 


Signal Tracer SET109 17.50 Voltage Cont, Filter SET6S 15.58 
Simple Phase Unit SET25 10.54 Wah-wah SET58 14.01 
Smooth Fuzz SETO1 11.68 Waveform Generator SET112 23.13 


Speech Processor SET110 12.18 Wind and Rain Unit SET28 11.39 


Split-phase Tremolo SET102 29,98 
Sets include PCBs, U.K. P. & P., 15% VAT, Res, Caps, S’C.s, Pots, 
Knobs, Sw's, SKTs, Wire, solder, Box, Photocopy of original TEXT. 
Fuller details and more great kits in our FREE catalogue. 

Prices correct at press, E & O.E., subject to stock. 
Delivery frequently by return but please allow 14 days. 


PHONOSONICS 


Dept. EL24,, 22.High Street, Sidcup, Kent, DA14 6EH. 
Telephone: 01-3026184 


Mail to: 
ELEKTOR PUBLISHERS., ELEKTOR HOUSE, 
10 LONGPORT, CANTERBURY. CT1 1PE. 


Please attach magazine label here, list new address 
below, and mail six to eight weeks before you move. 
If you are receiving duplicate copies of Elektor, 
please send both labels. Or if you have a question 
about your subscription attach label here and clip 
this form to your letter. 


Surname 


Initials 


a 
Street/Ave./Blvd. 


Town 


County/Province/State 


Post code/Zip/Area code 


= 


Country 
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Photographing the hidden beauty 
of microchips 

Manchester photographer Ad Sternberg 
is a man fascinated by the delicacy, 
beauty and colour of microchips. Com- 
bining highly sophisticated photographic 
and engineering techniques he has devel- 
oped a unique method of photographing 
in fine detail and enlarging in full colour 
the integrated circuitry — invisible to 
the naked eye — of microchips, many 
little larger in diameter than the dot on 
a typewriter. 

According to Mr. Sternberg, scientists 
and engineers in electronics have per- 
formed wonders in reducing them to a 
microcosm. A great deal of science and 
engineering skill is needed in photo- 
micrography not only to produce a 
detailed negative image for enlargement 
but also enhanced and with controllable 
colour contrast. 

Colour print examples of Mr. Sternberg’s 
work in the photomicrography of micro- 
circuits — enlarged possibly 400 times 
are now on display and used by inter- 
nationally-known companies such as 
Plessey, Standard Telecommunications, 
International Computers, National Semi- 
Conductor and Ferranti Electronics. 
Mr. Sternberg’s methods have been 
developed with special regard to photo- 
graphy of micro-circuits up to 8mm 
(0.3 inches) diagonal, using a diffraction 
limited system. 

Camels may not be able to go through 
the eye of a needle, microchips — which 


Photo 1. Ad Sternberg using a microscope to 
select a chip for photography. 


Photo 2. A typical Ferranti small integrated 
circuit photographed and enlarged by 
Ad Sternberg. 


today provide the circuitry used in com- 
puters, space craft, rocket missiles, tele- 
communications and more humble 
objects such as cookers and washing 
machines — certainly can. Absolute 
cleanliness is vital. The tiniest particles 
of dust would produce big black blobs. 
Mr. Sternberg has been interested in 
photography since teenage. He joined 
an industrial and commercial photo- 
graphic business in 1947, having pre- 
viously spent some years learning to 
work to fine tolerances in an engineering 
tool factory. When silicon chips — micro- 
chips — arrived on the industrial scene 
in the 1960s he was approached by 
Ferranti who asked if he could, at 
reasonable cost, improve on the quality 
of the results they were getting them- 
selves with colour photographs of silicon 
chips, wanted for publicity, record and 
internal company purposes. The biggest 
‘chips’ were six millimetres square 
— others being much smaller. 

Taking up the challenge, Mr, Sternberg 
found himself immersed in a year’s 
experimentation and research. Little 
photographic material existed for this 
type of work, nor was there ready-made 
equipment. But, combining his photo- 
graphic and engineering knowledge, he 
combed photographic, scientific instru- 
ment and second-hand shops for ‘bits 
and pieces, and gradually designed his 
own equipment and techniques and 
colour processing methods. 

A way of increasing the colour contrast 
had to be found. The colours in the 
microchips are very weak by the time 
they pass through the microscope 
optics. Correct lighting was a great 
problem. With high magnification, resol- 
ution figures can now be achieved that 
are better than one micron for small 
devices half a millimetre — around 
20 thou — square, and better than four 
microns for large scale integrated chips, 
known as LSls, over the whole field. 
The enlargement can be around 
400 times. 

The chips have become more complex, 


of course, over the years. They pack 
more and more on one chip. Nowadays, 
computers have to be used to design the 
circuits because they are too compli- 
cated for even the finest scientists with- 
out computer aid. They have thousands 
of transistors and resistors on them. 
Mr. Sternberg believes, with good reason, 
that his equipment, methods and experi- 
ence in this unusual field make his work 
unique — and that the techniques devel- 
oped are applicable to photomicro- 
graphy and photomacrography in gen- 
eral. Of course he realises there are 
other people in this field, particularly in 
the United States. However, it calls for 
quite a blend of different expertise not 
only in photography but also in engin- 
eering, optics and illumination — and 
dedication over a long period — to 
produce relatively low-cost results. 


Photo 3. A Ferranti F100L microprocessor 
chip, containing approximately 

10,000 transistors in the eye of a needle. 
The chip is about 1/5-inch square. 


Telecults Norwalk, Connecticut 


The Maharaja Pampkin Bolanee has 
announced the formation of his Ethereal 
Television Network (ETV), marking the 
first of the so-called cultist organisations 
to enter the cable broadcasting industry. 
Claiming his programs will be patterned 
after those produced by the Christian 
Broadcasting Network, the Venerable 
One stated that the shows will attempt 
to ‘cast light on the darkened corners of 
the cosmos, bringing peace and harmony 
to those seeking the Ultimate Truth and 
Karma’. The 146-year old mohatma said 
that ETV can currently be seen by 
43,000 homes across the country and 
will be broadcast via the Comstar D-2 
satellite thirty-six hours per week. 
Outlandish, you say? Perhaps, but not 
at all unlikely. According to a recent 
article in VideoPrint, it’s just a matter 
of time! 

IRD Inc. USA 
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LaserVision in the UK 


Philips intend to launch its LaserVision 
Disc system onto the UK market 
towards the end of May this year. 

To start with, players and discs will be 
on sale in greater London and the sur- 
rounding home countries through a 
restricted number of outlets. These will 
include high street multiples, indepen- 
dent retailers and specialist rental com- 
panies. Philips plan to progressively 
increase the number of outlets into 
other major cities in the UK until 
distribution reaches a nationwide level 
at the earliest opportunity. 

The first catalogue will contain more 
than 100 disc titles of which at least 75 
will be in the shops by May. The re- 
maining catalogue titles will become 
available shortly afterwards. Further 
new releases will substantially expand 
the catalogue by the end of the year. 
Seven top programme distributors will 
be marketing a wide range of titles on 
disc from the initial catalogue, including 
feature films, general entertainment 
programmes, musicals, sport and 
children’s albums, 

A strong advertising and promotional 
campaign has been set up with the 
intention of communicating the Laser- 
Vision message in an accurate and 
straightforward manner so that it may 
be understood at all levels of trade and 
by the consumers. LaserVision is a new 
and unique source of home entertain- 
ment and information for all the family. 
The  easy-to-operate, damage-proof 
design of the player and the durable 
quality of the toughcoated discs allow 
the equipment to be used by everyone, 
even children. 
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Not only is Philips committed to 
developing the consumer market, but 
the company plans to enter the non- 
domestic market as well, as this offers 
considerable scope for the interactive 
application of LaserVision on the 
industrial, commercial and educational 
level. 
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250 kW Wind turbine 

The need for alternative energy re- 
sources is not only a favourite dis- 
cussion topic, but is at last leading to 
concrete results. Which of the elements 
(sun, sea or wind) is suitable for pro- 
ducing energy depends to a large extent 
on the local climate. Not surprisingly, 
solar energy can be found in abundance 
in deserts like the Sahara or in Arizona. 
Unfortunately, the British Isles do not 
have much sun to offer, but they are 
visited (and sometimes plagued) by 
plenty of sea breezes and gales, an 
inexhaustible source of fuel. 

Wind energy projects are starting to be 
developed on an increasingly large scale, 
one of the most ambitious schemes to 
date being the wind turbine generator 
designed by the Wind Energy Group for 


installation on Orkney. The Wind 
Energy Group comprises British Aero- 
space Dynamics Group, GEC Energy 
Systems Limited and Taylor Woodrow 
Construction Limited. The company has 
signed an agreement with the North of 
Scotland Hydro-Electric Board to con- 
struct the most powerful wind turbine 
generator ever built in the United 
Kingdom. It is to be erected on Burgar 
Hill, Orkney. 

The 20m diameter turbine has a rated 
power of 250 kilowatts (kW) at 17 
metres/second (m/s) wind speed and a 
rotational speed of 88 revolutions/mi- 
nute (rev/min). It will begin to operate 
at a wind speed of 8 m/s and shut down 
when wind speeds exceed 27 m/s. It has 
an estimated annual energy output of 
700,000 kilowatt-hours (kWh). The ma- 
chine is to have a synchronous gener- 
ator, variable pitch rotor blade tips and 
a soft power transmission arrangement. 
Provision is being made for the machine 
to run in both fixed speed and variable 
speed modes. The rotor will be mounted 
to the main shaft with what is known 
as a teetering hub. This arrangement 
reduces the forces and moments on the 
blades and supporting structure. 

The machine will be the first in the UK 
in recent times to be connected to 
an isolated diesel-electric grid system, 
and with a power rating of 250 kW 
will be the most powerful turbine to be 
connected in such a way anywhere in 
the world. These factors made its 
economic and technical evaluation es- 
pecially relevant to many hundreds of 
similar grid systems elsewhere in the 
world who are burdened with large 
generating costs. 

The Group has paid particular attention 
to this potential market in designing 
the transmission and control system of 
the machine to achieve power quality 
acceptable to a small diesel grid system. 
The prototype will allow for tests to 
evaluate fixed versus teetering hubs, 
constant versus variable speed operation, 
as well as a wide range of operational 
strategies. The machine is to be exten- 
sively monitored under a contract with 
the Department of Energy using a 
computer based data acquisition system 
which will scan sensors placed on the 
machine to measure performance, forces 
and displacements. 

Procurement of components is now 
taking place prior to assembly and 
ground testing of the nacelle and rotor 
in the last quarter of 1982, while con- 
struction of the foundation and tower 
will begin in the summer. Commission- 
ing and first synchronisation of the 
machine is schedules for the first 
quarter of 1983. 

The 250 kW machine also acts as the 
prototype for the larger machine which 
will be 60m in diameter. When com- 
plete the project will be the largest 
demonstration in the UK of an alterna- 
tive energy technology. 
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Certain cassette and reel-to-reel tape decks and recorders are equipped 
with such an array of meters and switches that some look as though 
they were intended for aircraft cockpits rather than for home use. 
Although noise reduction and equalisation circuits are necessary, the 
factor which contributes more than anything else to the quality of 
recordings is the correct application of ‘BIAS’. In order to set the ‘bias’ 
correctly and therefore match recorder to tape, a signal generator, 

as described in this article is required. Armed with such a generator, 
readers are able to improve on the quality of recordings and use 
whatever tape type they wish. 


test tone generator 


how to set the ‘BIAS’ 
on your tape recorder 


The existing range of decks and tapes is 
enormous. In an attempt to get over 
some of the confusion and conflicting 
sales literature, manufacturers tend to 
specify which type of tape will get the 
best performance out of their decks. 
This is fine, but no consideration is 
given in many cases to when the user 
can no longer afford, or get hold of the 
type of tape specified. Normally very 
little information is contained in the 
operating manual about altering the 
‘bias’ setting, or even where to find the 
control. 

Nearly all decks have equalisation cir- 
cuits so that the record/playback signal 
reaching the preamplifier stage of a 
‘Hi Fi’ system is as ‘flat’ as possible. 
Without such circuits the playback 
response would exhibit pronounced bass 
and treble losses. These losses are partly 
due to tape speed and type, but the bias 
also plays an important role. A correct 
‘bias’ setting is needed to achieve a good 
recording level for all frequencies across 
the audio spectrum. This will in turn 
allow high playback output, low distor- 
tion, and a reasonably ‘flat’ response. 
Unfortunately there is a different 
ideal ‘bias’ setting for each frequency. 
The setting for a mid-frequency tone 


test tone generator 
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Figure 1. The circuit diagram of the complete tone generator and a suitable power supply circuit, Readers are advised to use ‘Veroboard’ as the 


construction medium. 


(400 Hz) is quite different from the one 
required for a 13 kHz signal. Generally 
speaking, the higher the frequency the 
lower the ‘bias’ level. Therefore tape 
deck manufacturers specify the type of 
tape to use and choose a ‘bias’ setting 
(out of necessity) which is a compro- 
mise. A real in depth study of ‘bias’ is 
certainly not practical at this stage, as it 
would probably take up most of this 
issue. Anyway, we are more interested 
in practice than in theory. 


Tone generator 

As outlined above a test tone generator 
supplying a mid and low frequency 
signal is necessary. Figure 1 shows the 
circuit diagram of the generator. It 
mainly consists of two bridge oscil- 
lators. The first one, arranged around 
A1, produces a practically distortion- 
free sine wave signal of 400 Hz. Stabilis- 
ation is achieved by using germanium 
diodes. The second oscillator (con- 
structed around A2) operates in the 
same way, but produces a 13 kHz signal. 
Both signals are fed in turn to the out- 
put stage by means of the CMOS 


switches ES1 ,and ES2. The circuit 
around A3 functions as a square wave 
generator with a frequency of about 
0.25 Hz, activating the electronic 
switches in such a way that the output 
will alternate between 400 Hz and 
13 kHz every two seconds. 

With a positive pulse, ES1 and ES3 are 
closed and the 400 Hz signal reaches the 
output. With a negative going pulse ES1 
and ES3 are open and ES2 is closed 
allowing the 13 kHz signal to be fed to 
the output. Preset P1 ensures the output 
amplitude for each signal is the same. 
The network made up of R15, R16 and 
C6, in the output stage, sets the im- 
pedance and level of output so that it 
can be fed directly to the ‘mike’ input 
of the deck. 

The fourth opamp Ad is used to drive a 
dB level meter for monitoring purposes. 
A moving coil instrument or a mul- 
timeter set to the 100 uA range is suf- 
ficient. Preset P2 sets the gain of A4. 
With the help of S2a the signal taken 
from the headphone socket of the deck 
can be monitored, one channel at a 
time. By switching over S2b the square 
wave generator is by-passed and only 
the 400 Hz signal reaches the output. 
Two completely separate switches can 
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be used for S2a and S2b. A single 
double-pole one was only used in the 
prototype for convenience. 


Checking and calibrating the 
test tone generator 


Feed the output from the generator to 
both input channels of the tape deck. 
Turn the recording level controls of the 
deck to zero. If the deck has volume 
controls affecting the output level to 
the phones then turn these to zero as 
well. Centre P1 and P2, and switch on 
both the recorder and the generator. 
S2b is positioned to give a fixed 400 Hz 
signal. Now turn up the recording level 
controls until a reading of 0 dB appears 
on the ‘vu’ meters. Position S2b to 
activate the square wave generator part 
of the circuit. The frequency of the 
signal supplied to the recorder will 
fluctuate between 400 Hz and 13 kHz 
every two seconds. Rotate P1 until a 
balanced amplitude level for both fre- 
quencies is achieved, in other words, 
until the reading on the deck recording 
level meters is the same for both fre- 
quencies. With some recorders an 
amplitude drop will occur for the higher 
frequency. Should this happen then 
adjust P1 until the difference between 
the two readings is minimal, (say, 
0 dB at 400 Hz and —3 GB at 13 kHz). 
Whatever the readings, take a note of 
them as they will come in handy later 
on. 

Set the recording levels of the recorder 
to —20dB and adjust P2 to give a 
monitor reading of 0 dB. 


Using the generator 

Before going any further the following 
points should be kept in mind. 

Before adjusting the ‘bias’ give the 


DAIMON 
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low noise 


generator time to warm up. 

Any procedures undertaken should be 
repeated several times in order to 
achieve reliable results. 

Tape heads, etc. should be de-mag- 
netised and cleaned. 

Insert a tape or cassette into the re- 
corder, and record the 400 Hz and 
13 kHz signals at a level of —20 dB and 
a monitor meter reading of 0 dB. Switch 
to playback and monitor the signals 
again for each channel and note if they 
are the same as the recorded ones. These 
should be approximately OdB or as 
previously noted (0 and —3 dB). 

Any deviation in readings will mean that 
the ‘bias’ setting will have to be altered. 
Therefore change this setting and 
repeat the procedures until the correct 
readings appear. The ‘bias’ setting will 
now be correct for the particular tape 
in use. 

To set the ‘Dolby’ frequency roll-off 
level, first record only the 400 Hz tone, 


ce rae 


after first disconnecting the monitoring 
circuit. It is advisable to check the 
manufacturer’s instructions concerning 
the ‘Dolby’ settings before continuing. 
Switch to playback and note whether 
the playback level readings on the deck 
meters are the same as when the signals 
were recorded. If they are not then the 
‘Dolby’ preset or control will have to be 
adjusted until they are. 

That should now complete the pro- 
cedures necessary to interface with the 
particular tape in question. 


Practical hints 


Readers are reminded that the lower 
priced reel-to-reel and cassette recorders 
do not have an external ‘bias’ control. 
The lucky ones with middle and up- 
market models will certainly have these, 
making calibration far easier. For the 
unlucky ones it is best to consult a 
circuit diagram or other data in order 
to locate the presets inside the re- 
corder. The 400 Hz tone is also very 
useful as a ‘bench-mark’ in the cali- 
bration of ‘equalisation’ and other audio 
circuits. K 
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U. Gétz and R. Mester 


the digital keyboard assembly and 


debounce circuitry 


The general principles and basic theory behind the new Elektor 
polyphonic synthesiser were introduced in the March 1982 issue. 
However, this article is devoted to the practical side, namely the 
constructional details, thereby enabling readers to commence building. 
We start off with the debounce circuitry for the keyboard contacts and 
the input unit (together with its bus board) which acts as the keyboard 


interface for the main CPU card. 


Photo 1. This photo shows how the debounce unit, the input unit, the tune-shift unit and the 


bus board are mounted and wired. 


-_-e—— 


The digital keyboard design caters for up 
to five octaves (61 keys). Although it 
is obviously possible to use fewer keys, 
the relatively small price difference be- 
tween three and five octave keyboards 
prompted the designers to go for the 
latter. This also means that the range of 
musical possibilities can be exploited to 
the full. The keyboard contact blocks, 
or switches, are mounted on eight 
individual printed circuit boards in seven 
groups of eight and one group of four. 
Each board also contains the debounce 
circuitry for its respective keys. The 
contact blocks used are the (gold wire) 
single pole GJ type from Kimber Allen. 
The debounce circuitry for each key 
consists of an RS flipflop. There are ten 
connections between each printed cir- 
cuit board and the input unit, 8 for the 
debounce circuitry and 2 for the power 
supply. 

By now, readers will have noticed that 
only half of the eighth printed circuit 
board is used, meaning that only 60 of 
the 61 keys can be used (see figure 8). 
A close examination of the debounce 
circuitry in figure 1 and the printed 
circuit board layouts in figures 5, 6 and 
7 should provide a clue, however. Effec- 
tively, the 8 printed circuit boards are 
identical. The 8 keys on each board are 
subdivided into two groups of four, The 
reason for this is that the design had to 
fulfil the main conditions of optimum 
performance and value for money, while 
being simple to construct. In reality, the 
keys at the extreme ends of the key- 
board are very rarely used anyway, If 
readers wish to use the lower key rather 
than the higher one, all that needs to be 
done is to shift the connections down 
one key (or semitone). This does not 
present too much of a problem, since 
the VCOs of the individual channels can 
be adjusted to give the required pitch. 

If all 61 keys are to be used, then the 
8th printed circuit board will have to be 
fully utilised. This does mean, however, 
that the printed circuit board assemblies 
would protrude from the side of the 
keyboard, making it more difficult to fit 
the unit into a case. To make construc- 
tion easier and for space considerations, 
we suggest that the last board is cut in 
two and the unused half discarded (see 
figure 8). This means, of course, that 
the relevant connections on the input 
board will have to be grounded. In prac- 
tice, this is accomplished by earthing 
the four respective pins on the ten-pin 
connector. If this was not carried out, 
the processor would be confused into 
thinking that the non-existing keys were 
permanently depressed! 


Mechanical construction 

The keyboard contact blocks are moun- 
ted on the underside of the board (see 
figure 3), Position the blocks (notch 
side towards the board) on the printed 
circuit, board and glue them into place. 
A good strong adhesive such as Araldite 
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Key contacts: Kimber-Allen Typ GJ 


Figure 1. The keyboard debounce circuitry. 
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should be used. The adhesive should be 
applied sparingly taking care not to get 
any near the contact wires. Bend the 
short wires at the rear of the blocks 
towards the board and solder them into 
place. It is important to remember that 
the contact blocks must be wired so 
that the circuit is closed when the key is 
depressed. 

The next step is to drill a hole in a con- 
venient place near the centre of each 
printed circuit board. This hole should 
be large enough to allow a self-tapping 
screw and the blade of a screwdriver to 
pass through it. The reason for this is so 
that the carrier board can be mounted 
directly to the keyboard chassis (this is 
explained later on). 

All the other components, including the 
10 pin connector, are then mounted on 
the boards. The 8 ((7% actually) boards 
are now ready to be assembled on to the 
carrier board, by means of suitable nuts, 
bolts and spacers. The length of the 
spacers should not exceed the overall 
height of the contact blocks, which is 
approximately 9.5mm with the types 
specified. 

The carrier board is then attached to the 
keyboard chassis. The spacing between 
the carrier board and the chassis is very 
important. The key push rods are often 
in ‘fishplate’ form (see figure 2) so as to 
allow the centre contact spring to be 
located in one of the holes, It is essen- 
tial that the centre contact spring 
touches the upper contact when the key 
is depressed. 

Most keyboard chassis’ are not pre- 
drilled, therefore readers must decide 
for themselves where the carrier board is 
to be attached. Self-tapping screws are 
ideal for this operation, which brings us 
back to the holes previously drilled in 
the centre of the printed circuit boards, 
The latter will help to stabilise the con- 
struction considerably. 

Exact dimensions and sizes for the car- 
rier board, case and so on cannot be 
given, as these will depend on the type 
of keyboard used. 


Testing the debounce circuitry 

The debounce circuitry can be tested 
quite simply. The two power supply 
connections on the 10 pin connector 
(of one printed circuit board) are linked 
to +5V and ground respectively. When 
a key is released, the voltage at the 
corresponding debounced output should 
be zero volts. This should rise to +5 V 
when the key is depressed. If all is well 
the keyboard can be put to one side for 
the time being. Take care not to damage 
the contact wires, since they are very 
fragile and will bend very easily. 


Input unit 

The input unit shown in figure 3 con- 
sists basically of an 8 bit data bus over 
which the processor is able to read in 
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Figure 2. Exploded view of the keyboard 
mechanism and the debounce circuitry. The 
contact blocks are Araldited to the underside 
of the debounce boards which are then 
mounted on a ‘carrier’ board. 


data (by means of multiplexing) via the 
See buffer stages, IC3...1C12. The outputs 
foe Nore = 7ause4a 8 of these buffers are held in a high 
impedance state until such time as the 
devices are enabled by means of the sig- 
nal presented to pins 1 and 19, 
Address lines AQ... A7 originate from 
es aallawea oe the microprocessor and are decoded via 
— 101 162 Ic3cIc12 gates N1...N4 and IC2 to produce the 
Tant]ion 1235 66) fae select signals for the data buffers. This 
— means that only one data buffer will be 
enabled at a time and the processor will 
always ‘know’ exactly which one is 
being addressed. 
As the data and address lines are com- 
mon to both the input and the output 
units, the input data will have to be dis- 
abled when the output unit is being 
accessed. This is accomplished by gating 
the RD and IORO signals from the 
microprocessor and feeding the result- 
ant signal to one of the select inputs of 
IC2, 
The construction of digital data pro- 
cessing systems can be kept simple and 
small, by using a common highway for 
multiple data transfer (this is a typical 
procedure in computer systems). It is 
interesting to know what the data 
presented to the microprocessor looks 
like. The inputs of the majority of the 
buffer ICs are connected to the outputs 
of the debounce circuitry. The pro- 
cessor scans the buffer ICs one by one 
by means of the chip enable inputs 
(pins 1 and 19) so thatit can determine 
exactly which, if any, key is being de- 
pressed. 
The buffer consisting of half of IC3 and 
half of 1C12 is used by the micro- 
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82106 -3 processor to determine the number of 
Figure 3. The circuit diagram of the input unit. VCOs which are available in the syn- 


thesiser. As mentioned previously, any 


5-20 — elektor may 1982 polyphonic synthesiser 


number of VCOs between 2 and 10 can 
be incorporated. The eight DIL switches, 
S1...S8 are used to preset this number 
according to the information given in 
table 1. 

The connections TS1...TS8 lead to 
the ‘tune-shift’ board, which is shown in 
figure 4. A diode matrix ensures that 
the correct logic levels are presented to 
the data bus when switch S1 is operated. 
In this way the VCO frequencies can be 
transposed by one octave, one semi- 
tone at a time. Three pushbutton 
switches, S2...S4, connected to the 
tune-shift circuit determine the ‘direc- 
tion’ in which the notes are shifted. The 
logic levels required by the system soft- 
ware are presented to the data bus via 


connections TS5 and TS6. Of the four R ne 
possible set/reset latches contained in E E One N1...N3 = 102 = 74L802 
IC1, only three are used to effectively mL spat Nd... N6 = 1C3 = 74/814 
‘decode’ the state of the three switches I o+__1 rece Dale Uze gs, LeD/siym ged 
(latches 1, 2 and 4). Under normal I tse) t 4) 5V 
conditions, S3 will have been depressed 
and the output of the first latch (10) ae 
will be high whereas the outputs of the f i 
other two (20 and 4Q) will be low. H 
Now, if S2 is depressed, the output of 2 Cotes 
the second latch (2Q) will go high and \ ite 
the other two latches will be reset via | 86 | 7, ‘i 
gates N2 and N3. Similarly, if S4 is 1 i 
depressed, output 4Q goes high and | 785 
latches 1 and 2 are reset via gates N1 S | 

o—+ Normal 


and N2. Gates N1 and N3 are used to | 
reset latches 2 and 4 when switch S3 | 
is depressed. The current ‘state of 1 
affairs’ is indicated by the three LEDs mae 
(D21...D23) connected. to the latch 
outputs via inverters N4...N6. These 
LEDs are mounted inside the switches. 
The remaining latch in I1C1 (latch 3) 
may be used in the future for expanding 
the keyboard. 

The CPU card and the output unit with 
its corresponding digital-to-analogue 
(D/A) conversion system will be de- Figure 4. The circuit diagram of the ‘tune-shift’ board. This board is mounted behind the front 
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scribed in subsequent articles. panel and is linked to the input unit via connections TS1... TS8. 
Table 1 Table 2 
The coding for switches S1... S8: Coding of the data at the tune-shift output: 


Switches S1... S4 (bits bd... b7) represent the number of 
available oscillators in binary. Switch S5 (bit 4) indicates the 
presence/absence of the preset facility. For the time being, switches 
S6... S8 (bits b5.. . b7) are ignored by the processor. 


switch number $8 S7 S6 S5 S4 S3 S2 SI Bleveleig ret 28 > . porns Big Re ‘ 
bit value: b7 b6 bS b4 b3 b2 b1 bo @ 1 : i : bs 0 said 

6 0 © @ not valid Pe 20) ie OE “8 +1 octave 
9 @ @ 1. not valid 1 1 x x x x ~~ notvalid 
6 @ 1 @ 2VCOs x x @ 6 6 O O semi-tone 
6 @ 1 1 3VCOs x x @ 0 @ 1 +1 semi-tone 
6 1 @ @ 4VCOs x x 060 6 1 6 +2 semi-tone 
@ 1 @ 1 + 5VCOs x ae OG. I AT +3 semi-tone 
6 1 1 @ 6VCOs x x @ 16 0 +4 semi-tone 
@ 1 1 °1 + #27VCOs xe G1 Or 4 +5 semi-tone 
1 6 0 @ 8VCOs xix OA pat 36 +6 semi-tone 
1° @ @ 1 9VCOs Xe Orr st +7 semi-tone 
1 60 1 @ 10VCOs x x 160 6 6 +8 semi-tone 
1 @ 1 1° not valid Kee Abe OF Os- +9 semi-tone 
1 1 @ @ not valid x x 1 6 1 @  +10semi-tone 
1 1 @ 1 not valid x x 1 @ 1 = 1 + +11 semi-tone 
1 1 = 1° © not valid x x 1° 1 @ @  notvalid 
1 1° 1 1° not valid x x Mt oe. not valid 

®@ x x x = x= with preset x x 1 1 #1 = @ not valid 

1 x x x x without preset erase wet tend not valid 
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: ee i) & ay Parts list for figures 1 and 5 


Resistors: 
R1...R16=47k 


Capacitors: 
C1 = 100n ceramic or MKT 


Semiconductors: 
1C1,1C2 = 74LS279 


Miscellaneous: 

8 key contacts (Kimber Allen (gold wire)/ 
type GJ/single pole) 

10 pin plug (Molex male E 3022-10A) 

10 pin socket (Molex female E 3071-10) 

10 crimp terminals (Molex 4809 CL) 

Note: all of the above are required eight times 


Parts list for figures 3 and 6 


Resistors: 
R1... R10= 10k 


ofnad fe 
oo 

Capacitors: 
nofRis }o 


C1= 10 n/6.3 V tantalum 
° C2...C4= 100n ceramic or MKT 
am mus See. ate _ 24a sWAPr Semiconductors: 
| | | | |e | ais ieee 
Miscell B 
‘it wat ie eae 
IN gy UNITY MTT ag cmp eral par for 
t it 
mW TE Tr TS? RR 


Parts list for figures 4 and 7 


Resistors: 

R1,R2=1k 
R5...R10,R14,R15= 10k 
R11...R13=4702 


Capacitors: 
C1,C2= 100 n ceramic or MKT 
C3 = 1 u/6.3 V tantalum 


Semiconductors: 

D1,..D20= 1N4148 

D21...D23=3mm red LED 
(in digitast switches S2... S4) 

1C1 = 74LS279 

1C2= 74LS02 

IC3 = 74LS14 


Miscellaneous: 
S1 = single pole 12 way rotary switch 
“a Z S2...S4= digitast (with LEDs) 
10 way plug, socket and crimp terminals 
(see parts list for debounce unit) 


no 
NS 
= = 


4 


TaN 
iN Se 
SAS 


= Ja 
(aes 
_ ane 


Seas 


(RE 
ace 


YA 
Ns —JA 
SS 


220+ 
> o ts 
000000: 006025. = 
SoosoooooSSSoS SSeS 5 =o 
ON900000000000000000". psaTs 


wo 
3000000000000 
ZS QOOOGGOO0COCOS: 
S "990000000000 


polyphonic synthesiser elektor may 1982 — 5-23 


7 


ano 64 2, 2 SAL 
@ Peer 
b 3-02 : 
OmO~o 20 
0 0 ue 
of, 
x /Ql:3 


4 EON O ON 


MAAAAAAAAAAAAAAAAAAA CU 


Figure 7. The printed circuit board and component overlay of the ‘tune-shift’ unit. 


8 The system has been designed such 

that the existing Elektor bus board 

(EPS number 80024) can be used to 

link the CPU card and the input/output 

units. A suitable method of mounting 

y the various parts of the system are 

i 
t 
| 
{ 
| 
| 
t 
I 
| 
| 
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shown in the photograph. 
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Figure 8. A section of figure 5 showing where the 8th debounce board can be sawn in two 
without damaging the copper tracks. 
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miniature MW receiver 


The design is based on the MW receiver 
circuit which was published in March 
1981. This circuit lends itself very well 
to miniaturisation because it requires 
very few components and the power 
consumption (0.3 mA) is sufficiently 
low to allow the use of a small mercury 
cell. 

The Ferranti ZN 414 IC is the ‘heart’ of 
the circuit. This IC is reasonably well 
known by now, its 3 pin housing con- 
taining a straight through receiver. The 
only external components required are 
the tuning capacitor and aerial. Figure 1 
shows a block diagram of the IC; a high 
impedance input stage, an RF amplifier, 
an AM detector and an AGC (automatic 


receiver 


a matchbox radio to set the world on fire... ? 


Over the past fifty years a lot of 
miniature radio circuits have been 
designed. Unfortunately most of 
them have suffered from a lack of 
output power and sensitivity. 
Furthermore the majority always 
had problems with the aerial. 
Readers may remember the wrist 
watch type radios that came to 
the fore some time ago, when an 
aerial had to be wound around the 
wrist or in the strap. Anyway, 
very few of them gave a worth- 
while performance, 

With the advent of the ZN 414, 
designs became simpler and better. 
Using this well-proven chip, the 
article introduces a straight- 
forward circuit with very few 
components which can out- 
perform many equivalent 
commercially produced sets. It has 
good output power, reception and 
selectivity. 


gain control). Readers wishing to know 
more about the inner workings of the 
ZN 414 are referred to the March 1981 
issue of Elektor. 

Figure 2a shows the circuit diagram of 
the complete receiver, when a high 
resistance (approximately 200 2) mag- 
netic earpiece is used. The simplicity of 
construction is more akin to crystal set 
design than anything else. The resistance 
of the earpiece is very important, since 
this controls the gain of the IC and 
therefore the output volume. An ear- 
piece with an internal resistance (not to 
be confused with impedance) of around 
200 2 is ideal, but types having a lower 
resistance (within reason) can also be 
used, together with a resistor (Rx) con- 
nected in series. Readers should take 
note not to use too high a value for Rx, 
otherwise the output will be rather 
poor. Obviously the sensitivity of the 
earpiece will also have a bearing. The 
absolute minimum resistance (Rx + 
earpiece) is about 100Q with the 
maximum being 1k5. A good com- 
promise is about 500 22. The prototype 
actually used an earpiece of 170Q 
together with a resistor of 330Q. If 
the value of Rx is high, then the con- 
nection of an electrolytic capacitor, in 
parallel (not more than 10 uF) should 
improve the output level. The actual 
value is not critical and will depend on 
the Rx/earpiece combination. Basically 
readers are invited to find the com- 
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bination applicable to their needs, as it 
really depends on what output level is 
required. 

Unfortunately the frequently used 8 Q 
type is not suitable as it requires the 
addition of a matching transformer. A 
high impedance crystal earpiece on the 
other hand, requires an additional 
output stage, as shown in figure 2b. The 
power consumption in both circuits 
(2a & 2b) is practically the same, 
because the additional stage (figure 2b) 
only adds an extra 0.1 mA drain on the 
battery. 

A decoupling capacitor for the power 
supply is not required, since the internal 
resistance of the mercury cell is ex- 
2 tremely low. 


Figure 1. The block diagram of the interior of the ZN 414. This tiny IC forms the basis of the 
matchbox receiver. 


L1 = 100 turns of 0.2 mm Cul 


* 500 toxt 7 
on ferrite rod & cm long 


R> 20090 Construction 
The choice of housing is left to the 
+ [1.35 ZN 414 reader as it will depend on the size 
a er (T018) of the components. The prototype was 
pxe76 inserted into a matchbox (see photo) 


simply as a guide-line and to give an 
impression of its relatively small size. 
The original design has a flat ferrite rod, 
50 mm in length with a cross-section of 
12x 4mm, but any rod approximately 
10mm in diameter will suffice. The 
aerial coil is made up of 100 turns of 
b 0.2 mm enamelled copper wire, wound 
onto a paper or cardboard former. 
The ferrite rod is inserted into it. The 
variable capacitor is one of the twin- 
\ ganged variety (141 pF and 59 pF) 
commonly used by manufacturers in 
heat commercially available medium wave 
—_ pocket radios. Should readers wish to 
| Morcury Colt have a lower number of windings or 
PX 675 . . 
use a ferrite rod with an unusual per- 
meability factor, they are advised to 
connect both gangs in parallel. 
As everyone will agree, to design a 
printed circuit board for this radio 
Figure 2. The basic circuit (a) uses a high impedance magnetic earpiece. An output stage is would be futile, as that would probably 
required if a crystal earpiece is to be used (b). take up more space than the complete 


c2 


3 
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Figure 3. The construction of the matchbox radio is illustrated here. The ‘chassis’ is made from plastic sheet and fits inside a matchbox. There is 
plenty of room for all the components including the output stage if required. 
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radio. It is more convenient to inter- 


connect the components directly. 
Figure 3 shows one method for this. 

The ‘chassis’ is made of plastic having 
the same dimensions as the ‘tray’ of a 
matchbox. The variable capacitor is 
mounted onto the chassis by means of 
appropriate screws. The ferrite rod is 
attached by glueing each end to the 
sides of the chassis. 

A standard earphone socket is used. 
Normally the switch part acts to isolate 
the loudspeaker, but in this case it is 
utilised as a battery connection, The 
moving contact part of the switch is cut 
off with pliers or a wire cutter to leave 
only the fixed terminal. This serves as 
the positive contact for the battery. A 
small brass plate (glued to the side of 
the chassis) serves as the negative con- 
tact. The position of the socket is 
determined by the size (width) of the 
battery. 

Note that an on/off switch is not necess- 
ary when constructing the circuit as in 
figure 2a. The supply is automatically 
switched on when the earpiece is 
plugged in. However, the circuit as in 
figure 2b does require a switch. 

The battery should be a mercury type 
cell such as a ‘Mallory’ supplying 
1.35 V. 


Final remarks 

A whine or whistle heard in the ear- 
piece when tuning between stations can 
be eliminated by swapping over the 
connections to the aerial coil. Normal 


mercury cells are able to deliver 
200mAh, so each cell should give 
between 400 and 500 hours of listening 
pleasure. i 


the Junior Computer as a frequency counter 


G. Sullivan 


Microprocessor systems are often regarded as mathematical wizards, 
so the Junior Computer's aptitude as a frequency counter will come as 


no surprise... 


As the name suggests a ‘frequency 
counter’ records a recurrent series of 
events. This does not necessarily have to 
be anything to do with electronics. The 
merry month of May, for instance, (and 
any other month, for that matter) has a 
frequency of one sunset every 24 hours 
(although it isn’t often seen in the 
British Isles). To take an electronic 
example, if an AC voltage changes its 
polarity one hundred times per second, 
this is referred to as a frequency of 
50 Hz. 

The point is, by what criteria is fre- 
quency measured? In the second 
example the number of polarity changes 
(from positive to negative, or vice versa) 
that occur during one second are simply 
counted. When a microprocessor is 


‘hired’ to do the calculation work, a 
program consecutively displays the 
contents of three display buffers, in 
other words the last frequency to be 
measured. The program is interrupted 
either once the one second measuring 
time has passed, or the AC voltage has 
gone low. A new program is now run 
to check the cause of the interrupt. 
If a zero-crossing was involved, the 
period counter is incremented by 
one, But if the measuring time (1 
second) has passed, the contents of the 
counter memory locations are copied 
into the display buffers. At the same 
time, a new measuring period begins. At 
the end of the process, a return is made 
to the main routine, after which the 
whole procedure starts all over again. 


display 
poriod countor 


INTERRUPT 


what 
kind of 
intorrupt? 


one period 
has passod 


roturn 
subrou 
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Figure 1. A series of interrupts (IRQ) are required for frequency measurement. 
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$1A9 AO OH  INITPR LDAIM $6 
$1Ag2 85 DB STAZ ACCUL 
$1A04 85 D1 STAZ ACCUM 
#1age 85 D2 STAZ ACCUH 
$1Af8 AQ 29 LDAIM IRQSRV 
$1AfA 8D 7E 1A STA IRQL 
#1APD AQ 1A LDAIM IRQSRV/256 
S1AQF 8D 7F 1A STA  IRQH 
#1412 8D E6 1A STA  EDETC 
$1415 AD 1p LDAIN $16 (16,9) 
$1417 85 D4 STAZ TIMEH 
$1419 85 D3 STAZ COUNT 
$1A1B AQ 3D LDAIM $3D (61,5) 
#1A1D 85 D5 STAZ TIMEL 
$1A1F 8D FF 1A STA NTH 
$122 58 CLI 

$1423 26 BE 1D LOOP JSR  SCANDS 
$1A26 40 23 1A dhe LOOP 
$1A29 48 IRQSRV PHA 

$1A2A BA TXA 

$41A2B 48 PHA 

#1020 98 TYA 

$1A2D 48 PHA 

$1A2E 2C DS 1A BIT RDFLAG 
$1A31 16 10 BPL ADD 
$1A33 AS DS LDAZ ‘TIMEL 
$1A35 8D FF 1A STA  CNTH 
$138 C6 D3 DECZ COUNT 
$1AZA DP 28 BNE EXIT 
$1AZC A2 G2 LDXIM $2 
HAZE AD BH LDYIM $99) 
$1A4 BS DB STORE “LDAZ ACCUL,X 
$1442 95 FO STAZ INH,X 
$144 94 DB STYZ ACCUL,X 
$1A46 CA DEX 

B1A47 16 F7 BPL STORE 
#1A49 AS DA LDAZ TIME 
$1A4B 85 D3 STAZ COUNT 
$1A4D DP 15 BNE EXIT 
RIAAF FB ADD SED 

$1A50 18 cLe 

$1451 AS DB LDAZ ACCUL 
$1A53 69 61 ADCIM $61 
$155 85 Dp STAZ ACCUL 
$1457 AS D1 LDAZ ACCUM 
$159 69 BO ADGIM $66 
$1A5B 85 D1 STAZ ACCUM 
#1A5D AS D2 LDAZ ACCU 
$1ASF 69 6 ADCIM $26 
$1461 85 D2 STAZ ACCUH 
#1463 DB CLD 

$1064 68 EXIT PLA 

$1065 AS TAY 

$1466 68 PLA 

$41A67 AA TAX 

$1A68 68 PLA 

$1469 49 RIT 


ADDITIONAL ZERO PAGE LOCATIONS 


ACCUL  $ADg 
ACCUM $@9D1 
ACCUH #92 
COUNT  $9fD3 
TIMEH  $GOD4 
TIMEL  $PPD5 


Table 1. The frequency counter program. 


N1,N2 = 1/3 IC1 = 4049 


JC port connector 
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Figure 2. This circuit is added to the Junior Computer to effect the program in figure 1. 


The events are depicted in the flow 
chart in figure 1. . 
A certain amount of hardware is also 
needed and this is shown in figure 2. 
This circuit is connected to the port 
connector of the Junior Computer to 
allow the frequency data to be entered 
into the computer. A significant nega- 
tive zero-crossing in the input signal will 
pull port line PA7 low. The program 
makes sure this is accompanied by an 
IRQ, 

The software is provided in the table. 
The start address of the program is 
$1A00. When data is written into 
location EDETC, PA7 is pulled low 
thereby enabling an IRQ. Preparations 
include defining the [RO jump vector at 
the start address of the [ROSRV inter- 
rupt routine, starting the interval timer 
(CNTH, in other words, an IRQ is 
enabled after every 1024 clock pulses) 
and storing the contents of location 
COUNT. Then the program LOOP is 
run until an [RO takes place. 

As soon as any type of IRQ is detected, 
the IROSRV program is run. After 
saving the A, X and Y contents (used 
during SCANDS) on the stack, the 
computer examines the N flag. If N, or 
rather the timer flag, is zero, the IRO 
cannot have been enabled by a time 
out. This means that it must have 
been caused by a change in logic level 
on PA7. A new AC voltage period 
has passed and so the computer pro- 
ceeds to label ADD. The 24-bit BCD 
number (ACCUH, ACCUM, ACCUL 
—the period counter in figure 1) is in- 
cremented by one. After restoring A, X 
and Y (EXIT) and executing an RTI, 
the computer returns to LOOP. 
Supposing the IRQ was caused by a 
time out in the interval timer. The 
timer is started afresh and the contents 
of COUNT are decremented by one. 
Provided COUNT has not yet reached 


zero, a jump will be made to EXIT. If, 
however, COUNT is in fact zero, the 
STORE section is run. The measuring 
period has now passed and the display 
buffers, POINTH, POINTL and INH, 
are assigned values equal to those of 
ACCUH, ACCUM and ACCUL, respect- 
ively. 

So much for the program, let’s put 
everything into practice. Connect the 
circuit in figure 2 to the port connector, 
enter the program on the keyboard (or 
even better, read it in from cassette) and 
start it via the main JC keyboard, (The 
main JC keyboard must be used, so 
as to provide the 1/O definition for 
SCANDS.) The highest frequency that 
can be measured is about 10 kHz. At 
low frequencies greater accuracy may be 
obtained by extending the measuring 
time to 10 seconds (load A@ instead of 
1@ into TIMEH, address $1A16). The 
result on display will of course have to 
be divided by ten to give the correct 
frequency. 


Literature: 
Chapter 6 of the Junior Computer 
Book II. K 
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Z80-A CPU card 


780-A 


Considering the amount of brain power 
stored away inside the Z80-A, the CPU 
card circuit is surprisingly straight- 
forward. As can be seen from figure 1 
all that is needed to make the brain 
tick is a handful of ICs. Memory is 
organised according to the Elektor 
systems’ page structure, in other words, 
it consists of 4K blocks. The first block 
(0000 ...@FFF) is located on the CPU 
board and contains 2K of EPROM 
(0000...07FF) and 2K of RAM 
(08006 ...@FFF). This particular board 
was designed for use with the new poly- 
phonic synthesiser or Polyformant and 
the combination is described in detail 
elsewhere in this issue. Since only 1K 


CPU ecard 


... for the Polyformant 


As the Z80 is still one of the most popular microprocessors around, 

it is high time the device was mentioned in Elektor. However, that is 
not the only motive behind this article, for the Z80-A CPU is the heart 
of the control circuitry for the new Elektor synthesiser. The board is 
compatible with the Elektor microprocessor bus system, so that the 
Eurocard collection will now be accessible to Z80 users. 


U, Gotz and R. Mester 


of RAM is required in this application 
1C18 and IC19 (see figure 1) may be 
omitted, 

It is not absolutely necessary to position 
the memory ICs and their corresponding 
address decoders on the CPU board. 
Large amounts of software can best be 
stored on a separate (EP)ROM board, 
such as the Elektor RAM/EPROM card 
(ESS 80120). One or two minor modifi- 
cations to the latter are required first, 
however, details of which are provided 
elsewhere in this issue. 


Buffers 

Any self-respecting CPU board will of 
course have to be properly buffered, as 
the CPU outputs are unable to drive a 
complete system directly. Since the 
buffers used here (IC9...1C13) are 
tri-state and are enabled by the BUSAK 
signal, the DMA, or multiprocessing, 
facility of the Z80 is retained. 


Speed 

The processor is driven by a 4 MHz 
crystal oscillator. This is the highest 
possible clock frequency for a Z80-A 
or MK 3880-4 CPU. With the standard 
Z80 or MK 3880 the clock frequency 
should not exceed 2.5 MHz. It should 
be mentioned at this stage that the Poly- 


formant requires a Z80-A (MK 3880 - 4) 
CPU. 

Essentially, the operating speed of the 
processor mainly determines the time 
it takes to execute a program. In the 
Polyformant, the CPU must scan the 
keyboard and in the extended version 
it must also scan all the presets. Further- 
more, it must pass on all the relevant 
data to the Polyformant modules 
(VCOs, VCFs and so on). 

How much time these processes take 
depends on the response speed of the 
microcomputer, This is particularly 
important when the keyboard is being 
scanned. The faster the scan, the sooner 
a VCO will be able to react to a de- 
pressed key. Using the software package 
developed for the Polyformant, a VCO 
can respond within two or three milli- 
seconds. This delay is far too short to be 
noticeable. 


Wait cycles 

The use of a high clock frequency auto- 
matically calls for corresponding pro- 
cessing speeds, or access times. The 
access time of a standard 2716 EPROM 
(1C15) will usually be too long for it to 
be addressed by the CPU. As for data 
entry, even less time is available for 
writing to the RAMs (IC16...1C19)! 
There are two ways in which this prob- 
lem can be solved. The first method in- 
volves the use of high-speed memory 
devices, that is to say, EPROMs and 
RAMs with an access time of 350 ns 
and 250 ns, respectively. The latter are 
easily obtainable nowadays, but 350 ns 
EPROMs are a little harder to find. 
Strictly speaking, even 350ns_ is 
‘cutting it a bit fine’, although a short- 
cut may be taken by implementing the 
OE (output enable) input instead of the 
CE (chip enable) input. This enables a 
350ns 2716 to be used without the 
need for any special measures. 

The other alternative is to slow down 
the CPU and use normal ‘low-speed’ 
EPROMs. This is done by adding wait 
cycles to read operations. A wait cycle 
lasts exactly one clock period, that is, 
250 ns. The addition of a single wait 
cycle will therefore extend the EPROM 
access time to 500ns, which gives 
plenty of leeway to even the most 
‘sluggish’ types. The delay is effected 
by including flipflops FF1 and FF2 in 
the circuit. 

The flipflops are only active while the 
EPROM (IC15) is being adressed (the D 
input of FF2 is low). They may be 
omitted if a 350 ns EPROM is available, 
in which case a wire link, J1 must be 
included instead of IC4. This deactivates 
the delay circuit. When testing the CPU, 
however, readers are advised to carry 
out the first method initially and in- 
clude a wait cycle, so as to be absolutely 
sure that a slow EPROM will not com- 
plicate matters. 

Any external memory or peripheral 
devices are also able to generate wait 
cycles by way of the WATTEX input. 
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Z80-A CPU card 
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Figure 1. The circuit diagram of the Z80-A CPU card. 
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Figure 3. The component overlay for the Z80-A CPU card 


Parts List 


Resistors: 
R1...R6=4k7 
R7,R8=1k 

RO = 3302 
R10,R11 = 6k8 
R12= 4702 


Capacitors: 

C1,C8 = 22 1/6.3 V tantalum 
C2.,.C7=100n ceramic or MKH 
C9 = 10 4/6.3 V tantalum 

C10 = 10n MKH 


Semiconductors: 

D1 = 1N4148 

D2=LED 

1C1 = 74LS00 

1C2,1C5,IC6 = 75LS32 

1C3,IC7 = 74LS04 

1C4 = 74LS74 

IC8 = 74LS13 

1C9...1C12 = 74LS367 

1C13 = 74LS245 

1C14 = Z80-A (or MK 3880 - 4) 

1C15 = 2716/2516 

1C16...1C19 = 2114-Z or 2114A-5 
(access time 250 ns) 


Miscellaneous: 

S1 = push button switch 
X1 = 4 MHz crystal 

K1 = 64-pin connector 


Reset 

Reset circuitry is needed to initialise 
the CPU. When the power supply is 
switched on, R6, C8 and D1 hold the 
reset input of the CPU low for a while 
via N29 and N10. This is the PWCL 
signal and serves to reset any other 
boards connected to the system bus. An 
external reset facility has been provided 
for emergencies. It is advisable to place 
S1 ‘out of reach’ to prevent it from 
being inadvertently depressed thus 
causing valuable information to be 
irrevocably lost. 


The printed circuit board 

Apart from S1, all the components in 
figure 1 are mounted on a Eurocard 
sized, double-sided, plated-through 
printed circuit board. This is shown in 
figure 2. As the pin assignment of the 
64-pin connector corresponds to that of 
the Elektor bus system, the board may 
be used in combination with a number 
of existing cards. 

The components should be mounted on 
the CPU card with due care, because in 
some places on the board the copper 
tracks are so close to each other that 
soldering may easily cause a ‘short’. 
Although the board is provided with a 
solder mask to reduce this sort of 
problem, a great deal of care is still 
required. 


Further information on the Z80 


Enough has been written about the Z80 
to fill an entire library. Plenty of soft- 
ware is available too, but users must be 
well-informed of the requirements of 
their particular system, Often the soft- 
ware has to be adapted for specific 
purposes and this does call for a fair 
amount of expertise. The CPU board 
published here was designed for the 
Polyformant and a special article is 
devoted to its use with the synthesiser. 
A brief description of the software is 
also given. 

The Polyformant is, of course, just one 
application possibility out of thousands. 
The advantage of using the board in a 
different system is that the hardware 
can be adapted to existing software 
packages. Such modifications are 
usually left up to the user, but nine 
times out of ten it is much easier to 
rearrange computer circuitry than to re- 
write programs. 

Elsewhere in this issue an article de- 
scribes how to modify the 8K RAM + 
8K EPROM card for use with the Z80 
and therefore how readers can create 
their ‘own’ computer system. K 
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a versatile electric 
guitar preamplifier 


This preamplifier isa companion 
to the 100 W power amplifier 
published in the April 1982 issue 
of Elektor. Two independent 
channels are provided each with 
two inputs. Features include high 
and low impedance inputs, 
extensive tone controls, built-in 
reverb and fuzz and effect ‘loop’ 
switching, providing the musician 
with all the extras normally found 
on the more expensive equipment 
at a reasonable price. Although 
originally designed for the 
guitarist, it can of course, be used 
with any other electronic 
instrument such as an organ or 
synthesiser. 


the Elektor Artist 


Designing a really good circuit for a 
guitar preamplifier was quite a chal- 
lenge. After a considerable number of 
requests from Elektor readers our design 
staff set about creating the Artist. The 
primary objective was to produce a 
preamplifier that satisfied a discerning 
musician while still remaining a practical 
proposition for home construction. All 
the Artist's effects are combined onto 
a single printed circuit board, thereby 
simplifying construction considerably. 
The advantages of the switching modes 
will be obvious to the adventurous 
musician. This facility is something that 
musicians are always looking for, but 
rarely finding in commercial equipment, 
with the possible exception of HH. 

The front panel layout in figure 4 is a 
good point from which to start de- 
scribing the circuit and facilities. It is 
basically a twin channel preamplifier 
having a low and high input. Channel I 
includes a five band graphic type tone 
control circuit, built-in Fuzz and Reverb. 
The amount of distortion can be fully 
controlled and ranges from a ‘clean’ 
to extremely ‘dirty’ sound. By-passing 
the Fuzz circuit does not result in any 
noticeable change in output volume. 


Channel II has a simpler parametric 
type of tone control and reverb. The 
reverb ‘loop’ can be patched into both 
channels, independently or  simul- 
taneously. The Fuzz circuit is only 
available on channel I. 

A switch enables an input to be fed to 
either of the two channels. This allows 
the player to preset both channels and 
switch from one to the other at will. 
The channel change facility as well as 
the ‘effect’ switching can be remote 
controlled by means of foot switches. 
Finally, input volume controls and a 
master volume potentiometer complete 
the circuit. 


The circuit 

Figure 1 shows the circuit diagram of 
the ‘Artist’. CMOS analogue switches 
have been used instead of FET power 
transistors. This helps to keep the 
overall cost down without impairing 
quality. The input signal from sockets 
Bad... Ba8 is fed to the non-inverting 
inputs of A1 and A3 (IC1), via the 
resistor network R1, R2, R39, R40. 
These set the sensitivity of the input 
(tailoring it to any guitar), and ensure 


elektor may 1982 — 5-33 


It 

t 

1 

1 

1 

t 

1 
ae 
‘Ss 


«+:A@ =IC1=4136 EST... E94 =1C6 = 4066 
s:-A8 =IC2=TLos4 ESS. ._ ESS =1C7 = 4066 


[ios Reverb 
Intensity 


Tr1=2x12.V/200 mA 


the Elektor Artist 


208-1 


elektor may 1982 — 5-35 


the Elektor Artist 


the Elektor Artist 


5-34 — elektor may 1982 


FC 
al 
BERR RS 


be 
a 


Bo fi 


© 5 
q 5 
qx p 
Gop 
qa-p 
G 5 
CG D- 6 
oO 
O S 


5-36 — elektor may 1982 


the Elektor Artist 


that an input level of 7.5 mV is available 
to Al and A3, irrespective of whether 
a high (less than 40 mV) or low (less 
than 10 mV) input signal is applied. The 
low noise opamp IC1 (A1, A3), ampli- 
fies this signal by a factor of 22, in 
order to achieve an excellent signal-to- 
noise ratio right from the start. The 
amplified signal (around 170 mV) is fed 
to either channel by means of CMOS 
switches ES1...ES4. S4 (channel 
change) is used for this purpose. A foot 
switch connected to the Ba4 socket by- 
passes S4 to allow remote control. 

A close look at the circuit diagram in 
figure 1 shows that the input signal is 
switched around the different parts of 
the circuit by means of CMOS switches. 
The use of this method results in noise- 
less switching and good channel separ- 
ation, The operating voltage of IC6 and 
1C7 is also reduced to about half (+ 8 V) 
their normal level, thereby reducing 
distortion, Potentiometers P1 and P7 set 
the input signal levels for channel I and 
II respectively. Opamp A2 in channel II 
is followed by the tone control circuit 
configured around A8. As readers will 
see this type of tone control network 
is practically standard and is common 
in all sorts of audio equipment. A4 
in channel I is followed by a 5 band 
graphic equaliser giving + 15 dB of cut 
and boost at 100Hz, 300Hz, 1 kHz, 
3kHz and 10 kHz. This is made up of a 
normal cut and boost tone circuit con- 
trolled by P8 and P9, and then by 
three band-pass filters around A6, A7 
and A8. 

Switches S2 and S3 control ES5 and 


Parts list 


Resistors: 
R1,R39 = 56 k 
R2,R40= 15k 
R3,R8,R21,R22,R41,R49,R70,R76 = 220k 
R4,R24,R26,R28,R34,R37,R42,R68,R74, 
R75,R79,R81 = 47k 
R5,R14,R31,R43,R66,R72 = 2k2 
R6,R9,R27,R33,R44,R46,R69 = 33 k 
R7,R45 = 12k 
R10,R47 = 3k3 
R11,R48=1k 
R12,R13 = 4k7 
R15,R16,R18,R19 = 5k6 
R17,R20,R71 = 22k 
R23 = 27k 
R25,R32,R35,R38,R77,R80,R82 = 100 k 
R29* = 4702 
R30= 1092 
R36,R50,R51 = 10k 
R52 = 6802 
R53,R56,R57,R60,R61,R64,R65, 
R67 = 150k 
R54,R55,R58,R59,R62,R63 = 8k2 
R73 = 18k 
R78 = 10M 
R83 = 1002 


82014-3 


When mounting onto metal front panel the 
use of plastic collar type sockets is 
recommended, 


Technical Specifications 


frequency range: 40 Hz... 25 kHz 


S/N ratio: 60 dB 
noise factor: 0.1% 
maximum output voltage: 4 Vrms 
nominal output voltage: 1 Vrms 
low input sensitivity: 10 mV 
high input sensitivity: 40 mv 
input impedance: 50k 
output impedance: 500 2 
tone control channel I: 
treble (10 kHz) +10dB 
middle (1 kHz) + 8dB 
bass (100 Hz) +10dB 
tone control channel II: 
10 kHz +10dB 

3 kHz +15 dB 

1 kHz +15 dB 
300 Hz +15 dB 
100 Hz 412dB 
reverb output voltage: 1 Vrms... 4 Vems 
fuzz threshold: 1.5 Viems 


P1,P7 = 47 k logarithmic 

P2,P3,P4 = 47 k linear 

P5,P13 = 10 k linear 

P6 = 100 k log. 

P8 = 22k linear 

P9,P10,P11,P12 = 100 k linear 

P14 = 100 k preset 

P15 = 22k preset 

Capacitors: 

C1,C6,C33,C38,C56 = 33 n 

C2,C34,C78 = 47 p 

C3,C7,C35,C39,C43 = 100 p 

C4,C8,C36,C40,C57,C59 = 242/16 V 

C5,C37 = 14/16 V 

C9,C10,C11,C20,C21,C22,C32,C55, 
C58=10n 

C12,C14,C26,C29,C32,C54,C60,C62 = 47 n 

C13,C48 = 1n5 

C15,C53 = 22n 

C16,C79 = 15n 

C17,C28 = 220n 

C18=22p 

C19,C31,C44,C46,C61,C69....C77=100n 

C23 = 3n3 

C24* = 10 4/10 V tantalum 

C25 = 100 4/16 V 

C27=1n 

C30 = 10 u/16 V 

C41,C42,C50,C52 = 4n7 

C45 = 5n6 


ES6 allowing either, or both channels to 
be ‘patched’ into the reverb loop. Once 
again the connection of foot switches 
to sockets Ba2 and Ba3 allows remote 
control of this facility. Opamp IC5 is 
the preamp for the reverb spring line. 
This is a standard ordinary amplifier 
which has been used in many other 
Elektor circuits. The gain of IC5 is 
set by R29 and C24. Obviously by 
changing these values IC5 can be altered 
to cater for the sensitivity of any 
particular spring line unit. With values 
as shown in figure 1 the output signal 
level from IC5 is about 4 V, making it 
ideal for the well-known ‘Hammond’ 
spring line, which has an impedance of 
approximately 8. The output level 
from the spring to A11, is set by P15, in 
order to provide the reverb circuit with 
unity gain. Calibration is quite easy, P15 
should be set to give the same voltage 
at pin 8 of A11 as that of pin 3 of ES5. 
Bear in mind that without connecting 
a reverb spring line this procedure is 
not possible. The reverb intensity con- 
trol (P5) mixes the ‘flat’ and ‘contoured’ 
signal. 

The Fuzz circuit around the FET T2, is 
a little more complicated. T2 is made to 
operate at a drain source voltage level of 
around 500 mV, in other words, near to 
its pinching characteristic. As the FET 
is driven without feedback, the level of 
distortion at its output is dependent on 
the amplitude of the input signal. 
Increasing the input to channel I (P7) 
will provide a progressive increase in 
distortion, giving a tone reminiscent of 
valve amplifiers. Just as a matter of 


aS 


C47,C49 = 27n 

C51 =470p 

C63,C64 = 1000 4/25 V 
C65,C66 = 1 4/25 V tantalum 
C67,C68 = 447/16 V tantalum 


Semiconductors: 

B1 = B40C1000 bridge rectifier 
(round version) 

T1=BC547B 

T2 = BF 256C, BF 245C 

IC1 = XR 4136, RC 4136 

1C2,1C3 = TL074, TL084 

1C4 = LF 355, LF 356 

IC5 = LM 386 

1C6,IC7 = 4066 

IC8 = 7808 

IC9 = 7908 


Miscellaneous: 

S1...S4 = sp on/off switch (for single hole) 
S5 = dp mains switch 

Bal... Ba8 = % in mono jack with switch 
Tr1 = 2x 12 V/200 mA mains transformer 
Lai = mains LED indicator 

F1 = 100 mA MT fuse with fuse holder 
reverb spring line (Watford Electronics) 


* = see text 


the Elektor Artist 
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Figure 4. A suitable front panel layout. 
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interest, an input signal of 1.5 V would 
completely overdrive the FET and 
‘clipping’ would result, just like any 
normal harmonic generator. As with the 
reverb circuit, P13 (Fuzz intensity) 
mixes the flat and distorted signals. The 
Fuzz ‘loop’ circuit has unity gain (set by 
P14), in other words, no change in 
volume when the Fuzz is by-passed. 
Finally all the channel and effects ‘loop’ 
signals are mixed into the output stage 
(IC4) by way of the summing resistors 
R24, R33, R79, and the capacitors C29, 
C32, C62. The (master volume) P6 
controls the overall output level. 

The symmetrical power supply circuit 
uses two voltage regulators IC8 and 
C9. 


Setting up 

This merely involves the setting of the 
two presets P14 and P15, which is 
easily done by using a multimeter set 
to 5 V AC. Calibration is not critical, an 
accuracy of + 5% is sufficient. 

A nominal signal is fed to one of the 
inputs of channel I (10 mV low, 40 mV 
high). If your signal generator is not 
provided with a meter, measure the volt- 
age at pin 10 of A3 (IC1), and divide by 
20. This will give a good indication of 
the input voltage level. Now set the 
wipers of all the equalisation poten- 
tiometers to their centre point. Rotate 
P7 until 1 V is measured at pin 1 of AO 
(IC3), P15 is also set to give a reading of 
1V at pin8 of A11 (IC2). The same 
procedure is repeated for channel II (do 
not forget to connect the reverb spring 
line), only this time P14 is turned up 
until 1 V is at pin 14 of A12 (IC3). 


The printed circuit board 

Almost all the electronic components 
and hardware are mounted on one single 
board, making construction simple and 
straightforward. The lack of normal 
wiring helps to keep noise and the possi- 
bility of mistakes down to a minimum. 
Even the wiring to the switches/sockets 
should present no problem as they only 
conduct DC voltages. 

For the sake of economy no provision 
has been made for the mounting of the 
mains transformer and spring line onto 
the printed circuit board. Even so, 
readers will find no difficulties in con- 
necting them up. Screened cable should 
be used for this purpose. 


Construction 


Standard (% ins) mono jack sockets are 
used throughout mounted directly onto 
the front panel. Keep the connection 
wires as short as possible and use the 
plastic collar type of jack sockets, in 
order to avoid earth loops. A suitable 
front panel design is shown in figure 2. 
When using a metal front panel, care 
should be taken to ensure that none 
of the potentiometer spindles, toggle 
switches come into contact with it, 
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Figure 5. This clearly shows all connections to the p.c. board. 


otherwise unnecessary noise is gener- 
ated. This is specially important when 
considering the sockets, since the 
ground of the input has a different 
potential to the ground of the foot- 
switch ‘sockets. One good idea (as 
already adviced) is to use plastic 
spindled potentiometers and insulated 
sockets. It is left to the reader to decide 
whether to leave the sockets on the 
board or not. Finally don’t forget 
about the kind of power amplifier you 
are going to use. In principle, the 
Elektor Artist can be used with any. 
But please, bear in mind that it will not 
overcome all the shortcomings of some 
amplifier and speaker systems around. 

K 


prop tachometer 
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As aeromodellers will know, it is necess- 
ary to match a particular propeller with 
any given engine. Each propeller has a 
specification, indicating the optimum 
efficiency relative to its ‘speed’ (rpm). 
Therefore a way of measuring its speed 
is essential. When an engine is being 
tuned it is also very useful to be able to 
check the rpm relative to any adjust- 
ment made. A mechanical method 
would prove costly and rather com- 
plicated to make. The only sure way to 
achieve a high standard with a relatively 
low cost is to use an electronic circuit. 
The speed of the propeller can be deter- 
mined with the aid of opto-electronics. 
An analogue indication can be provided 
by means of a moving coil meter or, if 
digital is preferred, by using a digital 
display. Which method used will deter- 
mine the cost. 


The circuit 


The most straightforward part of the 
circuit is the power supply. For con- 
venience and mobility a 9V battery is 
utilised. The power consumption is sur- 
prisingly low. 

The signal from the photo diode or 
-transistor D1, is amplified by opamp 
A1. With the turning ‘prop’ in front of 
the diode the amount of light falling on 
D1 will be fluctuating in direct pro- 
portion to the speed of the engine. It is 
advisable to place a dark-coloured ‘prop’ 
against a light background and a light 
‘prop’ against a dark background. 
Diodes are included in the feedback 
loop of A1 to ensure that its gain will be 
logarithmic to compensate for changes 
in ambient light levels. R1 is also in- 
cluded to stabilise A1 when very little 


prop tachometer 


a rev counter for model aeroplanes 


Modellers tend to be rather slow 
in getting into electronics. This 
could stem from the fact that 
balsa wood and electronics are 
quite a few worlds apart, so that 
modellers may question their own 
skill with a soldering iron. 
Expertise and reliability are 
certainly important factors where 
model aircraft are concerned, as 
any errors are inevitably costly. 
However, for certain applications, 
like the one described here, the 
simplicity of construction 
together with the help of a ready 
made printed circuit board, 
achieves a high reliability factor. 
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Figure 1. The circuit diagram for the tachometer. Note that a different output voltage range can be obtained by selecting a different value for C2; 


P2 is used for actual calibration. 


light reaches the diode. If the circuit is 
only to be used outdoors, the diode can 
be replaced by a photo transistor con- 
nected as a diode (base and emitter 
only). This transistor is not as sensitive 
as the diode, but it will work reliably 
in normal daylight. It is strongly 
recommended that even when using 
the circuit indoors, readers should rely 
on daylight or a torch rather than on 
room lighting, as this could influence 
the accuracy of the circuit. The 100 Hz 
fluctuations tend to confuse the meter. 
Opamp A2 acts as a comparator and 
Schmitt trigger, converting the signals 
from A11 into square wave pulses for the 
frequency-to-voltage converter circuit 
around A3. The sensitivity of this stage 
is adjusted by P1, with the highest 
sensitivity at the lowest setting. In other 
words, the lower the switching threshold 
(P1>0), the higher the sensitivity, 
which implies that smaller signals will be 
detected by A2. 

The frequency-to-voltage converter cir- 
cuit may look complicated, but it is 
actually quite straightforward. Basically 
it is a monostable multivibrator (mono- 
flop) triggered by the pulses from the 
Schmitt trigger A2. Each pulse is differ- 
entiated by C2, R5 and P2. The output 


of opamp A3 will go ‘high’ when the 
pulse at its non-inverting input reaches 
the same value as that of its inverting 
input, thus causing a current flow 
through D9. Consequently capacitor C2 
will discharge until the voltage at the 
non-inverting input drops below that of 
the inverting input. The output of A3 
will then change state again until the 
next pulse arrives. 

The remaining components in this part 
of the circuit ensure that the output 
pulse of A3 is proportional to its input 
pulse and the time it takes C2 to charge 
and discharge. The charge level of 
capacitor C4 will now be determined by 
the frequency of the pulses from the 
output of A3, since they are of fixed 
duration. In other words, this voltage 
level is proportional to the frequency of 
the changing light on the photo diode, 
(the input to the tachometer), and 
therefore the engine speed. 

In the final stage opamp A4 acts as a 
buffer on the 10k load (R8). The out- 
put will then be within a DC range of 
065.5 0M, 

Photo 1 shows the characteristics of the 
tachometer. The horizontal axis indi- 
cates the number of revolutions with 
the vertical axis denoting the voltage. As 


Photo 1, The output characteristic of the 
tachometer. The horizontal scale is 100 Hz 
(300 rpm) per division; the vertical is 

200 mV/div. 


can be seen, a good linear relationship 
exists between the two. 


Practical hints 

Figure 2 shows the track layout for the 
printed circuit board. The battery can 
be attached to the board, if desired, by 
means of double-sided adhesive tape. 

It is strongly advised that the photo 
transistor (or diode) is mounted in some 


prop tachometer 


elektor may 1982 — 5-41 


| ® 


oo 


Ewe A 


» 


6 | 


o=0 


Figure 2. The track pattern and component overlay of the printed circuit board for the prop tachometer. The board has been designed to fit in a 
plastic case from Vero (202-21029J) or West Hyde (BOC 430). Since consumption is very low the battery will last quite a long while. In this case, 
it may be advisable to secure it with a piece of double-sided sticky tape. 


Parts list 


Resistors: 
R1,R3=10M 

R2= 180k 

R4 = 2k7 

R5= 22k 

R6,R8 = 10k 

R7= 470k 

RQ = 8k2 

R10 = 1202 

P1,P2 = 100 k presets 


Capacitors: 
C1=100n 
C2 = 2n2* 
C3,C5 = 10 u/16 V 
C4=470n 


* see text 


Semiconductors: 

D1 = BPW 34 (Electrovalue) or 
phototransistor 

D2...D12= DUS 

D13= BZY 6V8 400 mw 

T1 = BC557B 

1C1= LM324 


Miscellaneous: 
$1 = single pole on/off switch 
9 V battery 


form of protective ‘handle’ since it is 
known that fingers coming into contact 
with a prop turning at 15,000 rpm cause 
a sharp decrease in interest in all things 
concerned with aero modelling. Keep 
the connection wires between the diode 
and the circuit as short as possible. 


Calibration 

Setting up the ‘circuit is very straight- 
forward requiring the adjustment of 
only one potentiometer (P2). Connect 
a multimeter to the output, switch the 
circuit on and measure the offset volt- 
age. Take careful note of this reading 
as it will be required later. 

A normal fluorescent light tube can now 
be used as a calibration source. This is 
ideal because the light output varies 
in a 100Hz rhythm (twice the mains 
frequency). This is equivalent to 6000 
pulses-per-minute, or 3000 revs of a 
normal twin-blade propellor! Point the 
photo-diode at the lamp and adjust 
potentiometer P2 to give a reading on 
the multimeter of 150 mV DC plus the 
offset voltage, (the previously obtained 
reading). That's it, as far as calibration is 
concerned. The sensitivity is adjusted by 
means of P1, when measuring the revs 


of a propeller. Obviously this setting 
will depend on the distance between the 
propeller and the diode or transistor, 
as well as on the contrast between 
propeller blades and background. 

The choice of display is left to the 
constructors. A moving coil meter will 
be suitable and the offset voltage 
reading can often be eliminated by 
mechanically zeroing the meter. How- 
ever, a standard multimeter of digital 
voltmeter will also do the trick, always 
remembering to subtract the offset 
voltage from the reading. 

If desired, the voltage range of the 
output can be changed easily, since it 
is determined by the value of C2. As a 
rule of thumb, doubling the value of 
this capacitor will double the output 
voltage. The value given’in the circuit 
diagram (2.2nF) is a good choice: 
20,000 r.p.m. corresponds to 1 V at the 
output. The maximum value for C2 is 
6n8. K 
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A programmable time-clock 


With all the digital clocks and watches available today, it is surprising 
that time-switches are often such crude affairs. Given the relatively low 
cost of microprocessor chips, it seems ‘logical’ to do the job properly! 
This article describes a sophisticated time-clock, based on a 6502 
microprocessor. It can be used to control a multitude of household 
appliances, such as cookers, burglar alarms and house lighting. 
Incidentally, since it must keep track of the time to do its job, it can 
also provide a digital display of time, day and date. In other words it 

is also a digital clock... 


6502 housekeeper 


A 6502 microprocessor keeps track of 
the time and day of the week. It also 
calculates the date, even bearing leap 
years in mind, so that it will remain 
accurate until ‘February 29th 2100’... 
(That is not a leap year, and most 
microprocessor-based ‘perpetual calen- 
ders’ go wrong at that point!). 

Our electronic housekeeper is easily 
programmed. It provides four control 
outputs for switching purposes. Three 
of these are intended for ‘daily needs’ 
— ‘on’ and ‘off’ times are set on a 24- 
hours basis, and it is possible to select 
days of the week on which the sequence 
will not be executed. The times are 
accurate to within one minute. A fourth 
output is intended for a weekly cycle: 
ten ‘on’ and ‘off’ times are distributed 
over a seven-day period. The only 
restriction is that they must be set ona 
quarter-hourly basis. 

The microprocessor checks the times 
entered; if a line seems to be switched 
off twice in succession, say, the ‘house- 
keeper’ will indicate this error immedi- 
ately, during programming. 

Obviously, this sort of thing requires an 
extensive program. A complete listing 
is included in this article, but we hope 
that enthusiasts will understand that we 
cannot explain it in detail... Describing 
the actual construction and operation 
of the time-clock takes up quite enough 
space as it is! 


The hardware 


Figure 1 contains the complete circuit 
diagram of the digital time-clock. At 
the heart of the circuit there is a 6502 
CPU (IC1). The program for the clock 
and the switch functions is stored in a 
2716 EPROM (IC3). The third large IC 
is a 6532 (IC2), which provides 16 
1/O lines to control the display, scan 
the keys and read in the time data. In 
addition, the IC includes a timer (which 
generates seconds pulses) and another 
128 bytes of RAM to store temporary 
data and the switch time entries. 

Apart from the 16 I/O lines to IC2, an 
additional four output lines are needed 
for the different switching times. 
These are provided by the four-bit latch, 
Ic4, 

The clock generator is shown at the 
lower left in the circuit. diagram, The 
output from a 4 MHz crystal oscillator 
is divided by four to obtain the 1 MHz 
clock signal. This division is done by 
two flipflops, FF1 and FF2. Another 
alternative would have been to use a 
1 MHz crystal in the first place, but the 
solution used here is a much cheaper 
way to obtain a ‘clean’ squarewave. 
When the unit is switched on, a ‘RES’ 
signal initiates the reset procedure. This 
signal is generated by the circuit around 
T1, T2, N3 and N4, Initially, T1 will 
not conduct but T2 will, effectively 
shorting capacitor C7 and ensuring that 
the output of N3 is at logic zero. T1 
starts to conduct when the rising supply 
voltage reaches 4.5V. As a result, T2 
is turned off and C7 starts to charge. 
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Figure 1. The circuit diagram of the programmable time clock. The 6502 CPU is situated at the centre of the circuit. The displays and their 


control unit are shown at the top and the power 


supply is located in the lower right-hand corner. 


Due to the C7/R9 time constant, the 
output of N3 stays low for some time 
after the supply voltage has attained 
its nominal value, The circuit around 
N3 and N4 is included’ to ‘sharpen up’ 
the edges of the reset pulse. In passing, 
we can note that a reset pulse is also 
produced if the supply voltage briefly 
drops below the 4.5 V level for any 
reason, but this will be discussed later 
on. 

One side of the six displays and ‘days’ 


LEDs is connected to the |/O lines by 
means of the buffer/inverters in IC5, 
and the other is linked to the darlington 
transistors, T3...T9. The latter see 
to it that a constant current flows 
through the displays and the LEDs. 

Two 5¥V stabilisers, IC8 and IC9, pro- 
duce the supply voltage. They both 
provide 5V,ICQ feeding the LEDs and 
displays and IC8 looking after the rest 
of the circuit. This arrangement makes 
it easier to provide an emergency 


(NICAD) battery supply. The batteries 
are placed at the input of IC8. During 
normal mains operation, a ‘topping-up’ 
current flows continuously through the 
batteries by way of resistor R35, In 
the event of a power failure, the 
batteries will feed the main circuit via 
D9 and IC8. At the same time, a very 
low current will pass through * the 
displays (by way of R35 and ICQ). This 
system reduces the current consumption 
from 0.8 to 0.25 A, so that the NICAD 
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batteries used here will be able to stand. FSF 
in for about one and half hours. 
The charge current flowing through the 
batteries is determined by the value 
of R35. This in turn depends on the HEXDUMES pea % BY BoB. ik 1 DF 
1 
Letts voltage iand: may she ‘calcu 0800: D8 AQ FF AA E8 95 00 EO 3D DO FQ AQ 88 E8 95 00 
ate diasTOOWS: 0810: EO.47 DO F9 A9 00 85 OF 85 21 8D 00 O4 AA 95 48 
0820: E8 EO 3E DO F9 E6 4C E6 61 AQ 7F 85 81 85 83 85 
ngs - UC9—10_ coy ~ 5002 0830: 60 AA 9A 58 00 EA EA 20 44 09 CQ FF DO F9 AS 87 
20+ 10> cg 0840: A2 00 AO 00 24 87 50 11 A2 00 E8 C8 20 8C OB CO 
0850: 28 FO 5C A5 80 10 F4¥ 30 F1 20 8C OB E8 EO 28 DO 
: 0860: E3 A5 5F C9 59 DO 3F A2 96 20 8C OB CA DO FA A2 
During prolonged power cuts the 0870: 07 AO 06 20 9F 09 A2 05 B5 AF D5 55 DO 1F CA 10 
batteries may be discharged to such 0880: F7 A2 05 B5 55 95 4F 95 49 CA 10 F7 20 32 09 A2 
an extent that the stabilised supply 0890: 08 86 61 A2 D8 86 9F 85 48 85 60 30 Al A2 05 BS 
voltage drops below 45V. Int coe, SEAS 3k 35 5 Je Se GL k5 80 50 08 45 08 @3 62 
the reset circuit will introduce a reset to 08CO: SF CO 20 90 2B FO 3C A5 63 10 02 E6 5D AG 5E CO 
prevent errors in the program execution 08D0: 28 FO 38 CO 35 FO 32 CO 41 FO 3C CO 44 Fo 42 Co 
and failure of the display multiplexing O8E0: 49 FO 45 CO 57 FO 46 CO 58 FO 20 15 55 4A 95 55 
unit (which might cause one of the pero: ie 96 20 8c oe CA DO FA.18 a8 F8 ie gt ps Bb 7E 
: jl i 0900: 4C 3E 08 AS 30 E9 10 9D 56 55 9 
eae 10) ea out). i ee A 0910: 00 85 5D E6 5E DO D9 15 55 4A 4A 95 55 E6 5E DO 
also; ‘cause. the! ‘programmed: switching 0920: CF 15 55 4A YA 4A 10 F1 15 55 4A 10 EC 15 55 HC 
times to be lost. Fortunately, a power 0930: 1B 09 A2 OA A9 00 95 55 CA 10 F9 60 86 5B 84 5C 
failure will rarely last longer than 90 0940: 46 62 90 12 A2 02 B5 48 EO 02 DO 03 20 89 09 95 
minutes! Been 7 CA io - 30 2 re is A 89 09 85 69 AS 4D 20 
F 0960: 89 09 85 A5 4E 85 67 C AQ TF 3 CA DO 
Instead of NICADs, two ordinary 0970: FB 85 66 A5 60 FO OA E6 11 E6 11 10 O4 AQ FF 85 
4.5V batteries may be connected in 0980: 66 20 13 OB A6 5B AY 5C 60 AB FO 06 C9 OF BO 02 
series, in which case R35 is omitted. 0990: 09 FO 60 AO 00 20 OB OA 49 60 DO 6E 99 48 00 20 
They will have to be replaced after a OOD OB OF 49 60 DO 64 99 49 00 29 oe OA 49 a DO 5A 
eat oi of course: readers 09B0: 99 4A 00 20 OB OA 20 OB OA C9 08 DO 05 AQ 01 99 
ues a : ok S nae 09CO: 4C 00 B9 4B 00 C9 29 30 41 C9 31 30 11 6A 90 26 
v mergency. 09D0: B9 4D 00 C9 08 10 02 49 FF 6A BO 1A 90 2C B9 4D 
supply totally superfluous, in which 09E0: 00 C9 02 DO 25 BO ¥E 00 29 13 FO 04 C9 12 DO 06 
case the batteries, R35 and D9 may be O9FO: B9 4B 00 6A BO 14 AQ 01 99 4B 00 20 OB OA C9 13 
left out altogether and D8 may be 0A00: DO 08 AY 01 99 4D 00 20 OB OA 60 18 BS 48 F8 69 
replaced by a wire link. OA10: on ob a “ Ee Go A es a He 7 ie ae a Ba AS 
: OA20: 82 85 64 C6 61 FO 0 1 Ag 0 1B A9 
The address decoding system does not 0A30: 82 85 9E AS 1D FO 07 A5 48 DO 03 20 58 OA A2 00 
need to be complete and a simple OAWO: 20 93 09 20 EO OA AQ 09 85 61 AS 64 85 82 AD TF 
circuit (using only two inverters) will 0A50: 85 81 68 AA 68 AB 68 40 85 01 A2 02 AD OO AB BA 
suffice, because the memory range con- 0A60: on on oh OA 85 bE B1 oF OA AA a os Hh DO FC 90 
: OA70: 08 AQ FE 25 01 85 01 BO 1F C8 C8 A5 D1 OE FO 
sists of only three blocks (IC2. . . IC4). 0A80: 04 BO OA 90 13 A5 49 CB D1 OE 90 OC 88 CB AQ 01 
The processor can deal with a total of 0A90: 45 01 85 01 CO 09 DO E2 06 01 CA 10 BF 66 01 EB 
64K memory, but what happens here is OAAO: EO 14 FO 25 20 D5 OA 98 C5 HC 90 F3 DO 1B BS 2A 
that the same memory blocks SUS AS 8 £3 at go Gs £2 Sr 6k Sk 5 oh ox Ga Bu & 
i ge pga tal Foard OADO: 01 8D 00 O4 60 BA 48 4A AA BS 3E 90 08 4A YA YA 
three blocks are decoded by address OAEO: 4A A8 68 AA 60 29 OF 10 F8 A2 00 8A 09 60 85 82 
lines A10 and A11: OAFO: 8A C9 09 DO 02 E8 8A HA AB 90 09 BO 48 00 HA 4A 
Atl A10 OBOO: 4A 4A 10 03 B9 48 00 29 OF 09 30 85 82 E8 EO OE 
0B10: DO D9 60 AJ 40 85 1B A2 O4 AD 02 85 1C BS 65 C6 
0 0 IC2 0B20: 1C FO 27 30 29 4A 4A HA 4A AB BO DB OF AM 1B 84 
0 1 Ic4 0B30: 82 85 80 20 86 OB A5 21 C9 01 FO 07 25 1B FO 03 
1 0 OB4O: 20 86 OB 88 84 80 46 1B 10 D3 29 OF 10 DB CA FO 
Ic3 0B50: 09 EO 01 DO CH B5 65 HC 2D OB A5 21 FO O04 C9 01 
1 1 0B60: DO 03 20 86 OB Ag 89 o 82 AQ BF 85 80 As = be 
: : 0B70: 09 A5 80 09 80 6A 85 80 BO F3 A5 80 09 80 85 62 
Memory is mapped as follows: 0B80: A2 FF 86 80 AA 60 AO 64 88 DO FD 60 20 3C 09 C9 
000 400 800 0B90: FD DO F8 20 13 OB A2 7F 9A 20 44 OF 20 13 OB E8 
. : OBAO: DO FA 20 13 0B E8 FO FA 20 13 OB E8 FO FU CQ EF 
. («2  , 4 ,  1C3 OBBO: FO 11 C9 BF FO 13 C9 DF FO 06 C9 FD FO 47 DO E2 
2 ‘i a OBCO: 4C AF OC 20 54 OE 4C 9C OB A2 FF 86 69 86 68 AQ 
*3FF *7EF *EER OBDO: 2A C5 OA FO 1D AQ 02 C5 OB DO 02 86 66 AQ OA C5 
OBEO: OB FO 09 20 E6 OE E6 OB E6 OB 10 F1 20 48 OE HC 
(* = don’t care) OBFO: 9C OB 86 66 20 E6 OE E6 OB AQ 14 C5 OB DO F5 20 


The chosen structure is by no means 
coincidental, The EPROM is at the top 
end of memory, because that is where 
the NMI, RESET and IRQ vectors have 
to be fetched. IC2, the ‘RIOT’ (this 
stands for RAM, I/O, TIMER- — a well 
— organised IC, despite its name), is 
situated at the other end of the range 
for two reasons: 
@ Using the 6502 yP, ‘zero page in- 
structions (addresses 000 .. . OOFF) 
are only 2 bytes long. If similar instruc- 
tions are required on any other page 
they will consist of three bytes. This is a 
highly effective way in which to econ- 
omise on memory space. 
@ Page 1 (0190... 01FF) must contain 


—— eee 


RAM for the ‘stack’. This require- 
ment is met by not connecting address 
lines A8 and AQ to IC2 (RIOT will 
therefore occupy pages 0... 3). This 
means that the 128 bytes of RAM in 
1C2 are used for two different purposes. 
The lower section belongs to page zero 
(0900... 69) for storing data (inter- 
mediate results and switching times), 
whereas the rest acts as the stack in 
page 1 (916A... @17F). 

Finally, the address range between 
RIOT and EPROM is used for the latch 
(C4). 


Construction and calibration 


Figures 2 and 3 show the printed circuit 
boards for the digital time-clock. One 
board contains the displays, LEDs and 
keys and the other accommodates the 
processor, with its associated com- 
ponents and the power supply. The 
boards are designed to be mounted one 
on top of the other, with the copper 
sides facing each other. Be careful when 
wiring the boards and inserting them 
into a case. Some mounting holes are 
drilled through wide copper tracks. Use 
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ere 


insulated spacers and screws here, as 
otherwise something may well go up in 
smoke! 

The ‘day’ LEDs can best be flat rec- 
tangular types (such as HP 5082-4670). 
The days of the week can be indicated 
on the LEDs by means of transfer 
lettering. Different shaped LEDs may 
also be used and the days may be 
printed next to each on the front panel. 
A third option is to mount an LED 
array in a DIL package (a set of 
10 LEDs, such as the MV 57164, for 
example) and carefully remove three of 


them with a saw. 

The two regulator ICs must be properly 
cooled, The back of the metal case can 
act as the heat sink if the regulators are 
mounted directly onto it, but mica 
insulation and washers must be used. 
The pins of the regulator ICs should be 
soldered onto the board, by the way, 
not wired. It is quite feasible to separate 
the supply: section from the rest of the 
board, if desired, and mount it else- 
where in the case. 

The boards are connected so that both 
sets of PBO...PB6, PAO...PA6 and 


PA7 pins are opposite each other. The 
connection points can then be linked 
with short lengths of wire. Then con- 
nect the three power supply connec- 
tions on either board. 

Once construction is complete you 
could insert all the ICs, connect the 
transformer to the mains and check 
whether everything is working satisfac- 
torily. If something is wrong, it would 
be quite a problem to trace the error 
without a logic analyser. But there is 
another method, and a few hints on 
how to test the hardware using an 
oscilloscope or a multimeter can make 
all the difference. 

Don’t connect anything up for the 
moment, except for the stabilisers IC8 
and ICQ, Don’t insert the other ICs into 
their sockets yet! The same applies to 
the batteries. Now check whether the 
output voltage of the two stabilisers 
is 5 V. Switch off the supply and insert 
IC6 and IC7, Switch on the power again 
and see whether there is a symmetrical 
1MHz squarewave at pin 8 of IC7. 
Readers who do not own an oscilloscope 
may use a multimeter instead and the 
auxiliary circuit in figure 4a. If the oscil- 
lator is working properly, the meter will 
indicate about 0 V. (A reasonably good 
frequency counter is needed to check 
the frequency; calibrate the oscillator 
with C2.) 

Now find out whether RES (pins 9 and 
10 of IC6) is logic 1. If so, the code 
‘AA’ is applied to the data bus by means 
of several wires and resistors, as shown 
in figure 4b. The indicated numbers 
refer to the connector pin numbers be- 
tween IC1 and IC3 on the board. 

Time to insert the 6502 (IC1) in its 
socket (turn the power off first!). After 
power up, a symmetrical squarewave 
with a frequency of 250 kHz should ap- 
pear at AO (connector pin 29), 125 kHz 
at A1, 62.5 kHz at A2, and so on down 
to 7.6Hz at A15. R/W (connector 
pin 14) must remain high, If one of the 
above conditions is not fulfilled, first 
check whether AA is in fact being 
applied to the data bus. Again, this 
measurement does not require an os- 
cilloscope and can be carried out by 
means of the auxiliary circuit in fig- 
ure 4c. The circuit is connected to all 
consecutive pairs of address lines in 
turn: A15 and A14, A14 and A13, A13 
and A12...A1 and AO. Each time the 
meter should read either OV or 5V. 
Any intermediate value indicates a fault. 
It is best to check whether there is a 
7 Hz squarewave at A15 first by connec- 
ting the meter to it. The pointer will 
‘flutter’ at this very low frequency (pro- 
vided you are using a moving coil 
meter). Then check all the address line 
pairs with the auxiliary circuit. 

The ‘AA code’ is now disconnected from 
the data bus. Remember, no soldering 
while IC1 is on the board! It will have 
to be removed from its socket each 
time. The next step is to mount the 
EPROM, IC3 (with the power off, of 
course!). Before switching on the power 
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Figure 2. The main printed circuit board. This accommodates the entire microprocessor unit. The power supply section may be separated, if 


necessary. 
Parts list Capacitors: IC4 = 74L8173 
C1 =10n (cer.) IC5 = ULN 2003 
Resistors: C2=4...40p trimmer IC6 = 74LS04 
R1,R2,R7 = 2k2 C3 =150p IC7 = 74LS74 
R3,R4,R12 = 3k3 C4,C5,C6,C13,C14 = 100n IC8,1C9 = 7805 
R5=1k C7 =47 n/6.3V D1...D7=LED red 
RG = 5k6 C8,C11,C12 = 104/10 V (tant.) see text 
R8=562 C9 = 2200 w/25 V D8,D9 = 1N4001 
R9=5602 C10 = 10 n/25 V (tant.) B = B40C1500 bridge rectifier 
R10=4702 LD1.., LD6 = DL7760 
R11=15k Semiconductors: (HP 5082-7760) 
R13 = 2202 71,72 = TUP 
R14... R20=12k T3...79 = BC516 Miscellaneous: 
R21... R27=10k 1C1 = 6502 Tr =10 V/1,5 A mains transformer 
R28... R34=102 IC2 = 6532 S1...S7 =digitast 
R35 = 1202 IC3 = 2716 X = 4 MHz crystal 
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Figure 3. The display board contains the displays, LEDs, control electronics and pushbutton keys. 


supply again, link pin 26 of the connec- 
tor (NMI) to pin 36 (A7). After power 
up, the address bus should read: 
A15 A14 A13 A12 A11 A10 AQ A8 
O:" 40's, (0), 40 1 1 1 1 
A7 AGB AS A4 AZ A2 Al AO 
1 1 o 1 * * * * 


(A3... A@ are not stable) 


Furthermore, pin 20 of IC3 should be 
constantly low. If something is wrong, 
either the EPROM was not correctly 
programmed or N65 is not inverting the 
signal. 

If everything is O.K. so far, pull out the 
mains plug for the last time, remove the 
connection between NMI and A7 and 
insert the remaining ICs. The clock 
should start to count from 0000 01 as 
soon as the circuit is switched on. 
Calibrating the crystal oscillator accu- 
rately is not an easy job. As mentioned 
earlier, the oscillator can be adjusted 
with C2, with a quality frequency meter 
connected to pin 8 of IC7. However, as 
few readers will be fortunate enough to 


own a really accurate frequency meter, 
here is an alternative method. It can be 
just as accurate, but it is rather more 
time-consuming... 

First set the trimmer capacitor C2 in its 
centre position. Switch on a radio and 
wait for the time signal on the hour 
(1100, 1200, etc). Synchronise the 
clock on the sixth ‘pip’ of the radio 
time signal and press the start button. 
Let the clock run ‘on its own steam’ for 
several hours and then compare it to 
‘real time’ again. Check whether the 
oscillator is ‘fast’ or ‘slow’ and readjust 
it with C2, if necessary. By repeating 
this procedure several times (over a 
period of a few days, if necessary) 
readers will be absolutely sure the 
oscillator is accurately calibrated. 


Programming the timer 

A pushbutton switch (Sa) is connected 
between the input and ground to start 
the time entry routine. Operation is as 
follows. After power up, the clock starts 
to count from 000001. The clock is 


stopped by depressing SA. The week/ 
day LED then flashes. The desired day 
of the week may be selected with the 
> pushbutton (S3). Then the CURSOR 
key is operated (S6) and the tens/hour 
display starts to flash. The hours may be 
set by depressing > several times. The 
hours, minutes and seconds are all dealt 
with in the same manner. Once the 
‘second’ units have been entered and the 
CURSOR key is operated again, the 
date will appear on the display. The 
same procedure is followed to enter the 
correct data, starting with the day and 
ending with the year (from left to right, 
in other words). Take care not to pro- 
gram an impossible date, as the clock 
might feel inclined to misbehave. After 
the year entry press the CURSOR key 
again. The time will then reappear on 
the display but no LEDs will flash. Now 
press the MODE key (S2) and the clock 
will start one second later. Readjust the 
time or date setting with the Sa key, if 
necessary. By the way, SA doesn’t have 
any effect unless the clock is ‘ticking’! 
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Figure 4. The auxiliary circuits for testing the digital time clock. They are only required if an 


oscilloscope is not available. 
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Figure 5. This tiny ‘interface’ enables outputs 
TO... T3 to switch mains-powered equip- 
ment on and off. 


—_— 


Nothing happens if it is operated during 
the switch time entry routine, which is 
described below. 

The four control outputs may be con- 
nected to any device that needs to be 
switched on or off at a specific time by 
means of a relay or a triac circuit, Out- 
puts TO...72 can each program four 
switch times within 24 hours, In ad- 
dition, the day of the week may be 
entered on which these switch times are 
to be processed. Every day at 00,00 
hours the outputs TO...T2 are auto- 
matically reset. The minimum switching 
interval (between ‘on’ and ‘off’) is one 
minute. 

The fourth output, T3, can be pro- 
grammed for a weekly cycle. It provides 
10 ‘on’ and 10 ‘off’ times that can be set 
at fifteen-minute intervals. This line is 
automatically reset at the beginning of 
every week (at 00.00 hours on Monday 
morning). 


The switch functions are as follows: 
@ S1, the DATE key, displays the date. 
@ S2, The MODE key, selects between 
the time display and the switch time 
entry. 
S3, the > key, increments the value 
on display that is indicated by a 
flashing cursor. 
@ S4, the SET DAY key, serves to pro- 
gram the days of the week. 
@ S5, the NEXT key, shows the next 
switching time on the display. 
e@ S6, the CURSOR key, moves the 
cursor from left to right across the 
display (but not the right-hand digit: 
that indicates whether an ‘on’ and ‘off’ 
time is involved). The display selected 
by the cursor flashes to indicate that it 
may be altered, if necessary, with the 
> key. 
@ S7, the CLEAR key, deletes some or 
all of the switching times on a par- 
ticular line (starting with the time 
currently on display). 
As mentioned above, the right-hand 
display indicates whether the switching 
time shown refers to ‘on’ or ‘off’, ‘On’ is 
represented by a ‘1’ and ‘off’ by a ‘0’. 
Its neighbour shows the line number 
(0, 1, 2 or 3). A program example is 
included in this article to illustrate how 
the various keys work, and to give an 
idea of the facilities. 
A return to the normal time display 
routine causes TO... T3 to be modified 
according to the entered switching 
times. This occurs exactly one second 
after every minute period. During pro- 
gramming of the switching times, the 
outputs remain unchanged. 
One final point. If an ‘off’ time is pro- 
grammed and this turns out to precede 
the ‘on’ entry, depressing the MODE 
key will cause an ERROR message to 
appear on the display for a few seconds, 
followed by the first time that is pro- 
grammed for the line where the error 
occurs. No return can be made to the 
time display. First the error must be 
corrected, after which the MODE key is 
operated to switch the processor back 
to time display. 


Switching mains-powered 
equipment 

Readers who wish to switch mains- 
powered equipment ‘on’ and ‘off’ with 
the aid of the time switch require a 
small interface for each of the four 
switch outputs. Figure 5 provides a 
simple circuit for this purpose. The 
switch output controls a transistor by 
way of a resistor. The relay can then 
switch a device on and off. How much 
power may be switched depends on the 
type of relay. For the transistor shown, 
the relay current should not exceed 
100 mA. If 12 V relays are to be used 
they may be connected directly to the 
time clock’s power supply (across C9). 
This method ensures that the circuit is 
electrically isolated from the mains 
voltage. A solid state relay is of course 
equally suitable. 
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Program example 


Switching times to be programmed: 

line TO: switch on at 08.30 on Monday and Friday 
switch off at 09.02 

constantly ‘O’ 

constantly ‘0’ 

switch on at 20.00 on Sunday 

switch off at 08.00 on Tuesday 

switch on at 10.00 on Wednesday 

switch off at 00.45 on Thursday 


line T1: 
line T2: 
line T3: 


display distribution 


CEEEEE) 
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switch day(s) switch timo line number on/off 
{1 = 0n, 0 = off) 
koy display ‘commonts 
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Ht 8 HY 8 HH ; ij | days flash to indicate thoy may be programmed 


] 
| Monday LED is flashing 
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Friday LED is flashing 


oogga. 


SET DAY Friday is stored too 
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hour belonging to first switch-on time is programmed 


CURSOR (2x) se i i 8 HY n a Hour units are flashing to indicate they may be changed 


NEXT ee 


CURSOR (2x) i 


> ox se 


CURSOR (2x) ee 


> (2x) 


NEXT 
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TOL 
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cURSOR [ 


11 indicates a day LED is unlit 
(indicates a day LED is lit 


1 indicates a day LED is flashing 


i 
Q indicates a display is flashing 


H indicates a display is lit 
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| be changed, because this line is programmed por d 
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osoggal 


jr] _| cursor shifts two placos to the right 


‘off’ timo of TO is now storod 


solect next switch timo 


tho fast two switch times of TO aro orased, because 
|. they.re not needed. The display reports back with 
the first ‘on’ time o: 


THisnot used and may therefore be erased. T2 appears 
on the displ 


| T2is erased and T3 appears 


days fash to indicate the first ‘on’ time of T3 may be 
programmed 


Monday LED flashes 
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SET DAY 


CURSOR 


NEXT 


> (2x) 


CURSOR [ 


SET DAY FF 


day belonging to first switch timo is programmed 
land so is the first ‘on’ time, Sinco T3 is always reset 
at 00,00 on Monday morning, this will have to be 
the first ‘on’ time (because T3 has to be ‘1’ for the 
period botwoen 20.00 on Sunday and 08,00 on 
Tuesday) 


noxt ‘off timo is selected 


days flash to indicate they may be programmed 


Tuesday LED flashes 


day belonging to ‘off’ time is stored 


hour units flash 


‘off’ time is programmod 


Hi Ee ES as 


THA 
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NEXT 


CURSOR 


SET DAY 


CURSOR 
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NEXT 
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CURSOR (5x) 
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MODE kay to return tho processor to time display 
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RAM/EPROM 


Memory cards are basically birds of a 
feather. They all contain memory ICs, 
BUS buffers and a control circuit. The 
latter, however, does tend to vary from 
one system to another. The RAM/ 
EPROM card described in the September 
‘80 issue was originally designed for use 
with the SC/MP and 6502 systems, but 
after a couple of alterations it can be 
run on the Z80 as well. This involves 
changing the printed circuit board by 
breaking 9 tracks and then inserting 
7 new wire links. No new components 
are required. In other words, it is just a 
‘cut and shunt’ exercise. 

Figures 1 and 2 show the changes that 
need to be made to the lower and com- 
ponent overlay sides of the printed 
circuit board, respectively. As can be 
seen, very little cutting and linking is 
required, 


for the Z80 


A. Seul 


In principle, the RAM/EPROM card (as published in the Elektor 
September ‘80 issue) may be connected to a variety of microprocessors. 
One or two minor alterations to the control circuit are all that is 
necessary, in many cases, to match it to a particular system. This article 
describes the changes needed in order to interface the card to the Z80- 
and the Z80-A CPU, in particular, as this is introduced elsewhere in the 
present issue as the ‘brain’ behind the Polyformant. 


Reasons for the changes 


The SC/MP and 6502 systems define 
both the address range and the direction 
in which the data transfer is to take 
place during either the read or write 
strobe produced by the CPU. In the 
Z80, on the other hand, a valid address 
may be output on three separate oc- 
casions: during normal memory access, 
when one of the 256 I/O addresses is 
being accessed and in the case of mem- 
ory access during a refresh cycle. Taking 
into account the additional possibility 
of a non-valid address, only two CPU 
lines would seem to be required to 
define every possible address status. In 
actual fact, however, the Z80 processor 
uses three lines: 

MREO to access memory locations; 
TORQ to access peripheral devices and 
RFSH to access and refresh dynamic 
RAMs. 

Let's forget about |ORO for the mo- 
ment and see what happens in normal 


memory access and refresh cycles. 
During normal memory access the CPU 
starts by outputting addresses. After a 
short period, the MREOQ signal is gener- 
ated. This is accompanied by the RD 
strobe during a read cycle, in which case 
both signals will be synchronous. After 
the two signals the CPU stops reading 
data. 

Things are different in the write cycle 
where the CPU produces the MREO sig- 
nal and simultaneously transmits the 
output data to the data bus. But the WD 
line is not enabled until after a brief 
interval to allow the active edge of the 
strobe to be used for data storage (pro- 
vided the system is buffered in such a 
way that the data bus really does pass 
data to memory before the WD strobe 
arrives!). The WD signal is disabled at 
the same time as the MREO signal. 


The memory card may not be accessed 
during a refresh cycle. What happens 
here is that the refresh line is enabled 
first, after which the MREO signal is 
strobed, RD and WD are not used, be- 
cause the CPU ignores data during this 
particular process. 

The control circuit of a memory device 
operates according to the following 
parameters: 


1. Memory is accessed if MREQ is 
enabled and RFSH is disabled. 

2. Data must be applied to RAM before 
the WD strobe is enabled. 

3. Data must only enter the BUS while 
RD is enabled and memory is being 

accessed. 


Figure 3 shows the circuit diagram of 
the modified memory board. The first 
parameter is met by linking MREO and 
RFSH by way of N6 and N7. Pin 8 of 
N7 will then only go low, if the CPU 
addresses a memory location. The 
memory card should only react to a 
memory access if the relevant memory 
range is being selected. This is achieved 
by connecting pin 8 of N7 to pins 18 
and 19 of IC5 (the 74154 decoder). Its 
outputs activate the CS decoder IC6 and 
1C7 by way of N1 and N2. In addition, 
the output of N5 produces an active 
high CARD SELECT signal. 

The second requirement is fulfilled by 
making sure the card transfers data from 
the BUS to memory during its quiescent 
state. Thus, data will also be applied 
upon the arrival of the WD signal. 
The 6502 processor implements the WD 
signal instead of its RD counterpart to 
transfer data to the data bus when mem- 
ory is being accessed and the WD signal 
is disabled. In a Z-80 system, this would 
go hopelessly wrong: during a write 
cycle the CARD SELECT signal will 
precede the WD strobe. The original cir- 
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Figure 1a. The circles indicate which tracks on the lower side of the printed circuit board need 


to be broken. 


tb 


Figure 1b. The new wire links on the lower side. 


cuit ‘notices’ the signals and starts a 
read cycle. It will therefore transfer 
RAM data to the BUS until the write 
pulse WD appears. On the one hand, 
this prevents data from being applied to 
RAM upon the arrival of the WD strobe 
(second parameter) and on the other, 
the data bus is already being driven by 
the CPU buffers, as the CPU control cir- 
cuit has acknowledged the write cycle. 
Bi-directional transfer is strictly for- 
bidden in the BUS. Depending on which 
drivers are being operated, current peaks 
will be produced on the +5 V and GND 
lines, which could well make the system 
collapse. 

To avoid these problems, the RD signal 
is inverted by way of N8 (and linked to 
the CARD SELECT signal by way of 
N3), and used to control the direction 
of data transfer in the data bus buffers. 
N4 serves to buffer the WE line, which 
has the arduous task of driving 16 ICs. 


Inverters N6 and N8 and NAND gate N7 
required for the modification are 
already included on the printed circuit 
board in 1C29 (74LS00). In the original 
circuit, the unused inputs are either high 
or low to avoid crosstalk to active gates. 
These connections should now be re- 
placed by the links indicated in figures 
1b and 3, Once all these alterations have 
been made, the RAM/EPROM card will 
be ready for use with the Z80, i 


82134-2 
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Figure 2. Only one track needs to be broken on the component overlay side. 
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Figure 3. The circuit diagram of the RAM/EPROM card, as modified for use on the 280. 
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Junior Computer owners regularly send 
us programs that they have written for 
‘their’ machine and Elektor’s editorial 
staff dutifully try them all out and 
‘unravel’ them with the disassembler. 
Unfortunately, the task is not always 
a rewarding one and occasionally the 
work resembles that of a pathology 
lab. Nevertheless, it is gratifying to 
receive so many sparks of initiative! 
Any attempt in this direction auto- 
matically calls for a disassembler, but 
that is by no means the only reason 
for having a ‘software cruncher’, Used in 
combination with the editor and as- 
sembler the disassembler enables oper- 
ators both to write their own programs 
and decode those gleaned from friends 
or magazines. 


and puncher 


disassemble Junior Computer software 
and program 2716 EPROMs 


Whereas developing one’s own software is often like taking a leap 

in the dark, analysing other people’s programs can sometimes be quite 
a revelation. In either case a disassembler is called for, such as the 

one described here. In addition, it is a useful aid towards ‘BASIC’ 
conversion. And, as the software cruncher is stored in 2716 EPROM, 
why not include an EPROM programming program, (to use up the 
remaining EPROM space), together with the EPROM hardware 


published in January? 


The details 

The software cruncher is stored in 2716 
EPROM. The software occupies the 
address range $F800...$FFFF. The 
EPROM may either be mounted on a 
RAM/EPROM card or on the mini 
EPROM card published in the April 
issue. Locations $F800...$FDD9 
store the actual disassembler. 
$FDDA...$FFF9 contain the ‘EPROM 
PROGRAMMING UTILITIES’ (which 
are described later on in the article) and 
$FFFA...$FFFF include the vector 
data with which JC owners are already 
familiar. 

The disassembler section of the soft- 
ware ‘cruncher’ is shown in Table 1. 
After initiation (enter the start address 
$FC4E through PM!) the computer 
reports back by defining the relevant 
function keys. The D key is operated 
to enter two addresses which ‘cordon 
off’ the memory range that is to be 
disassembled (ending in CR). In the 


example given in Table 1 this comprises 
$0200 ...$022F. Note that the end 
address must be entered and that the 
‘end address + 1’ rule does not apply 
here. 

This is followed by the message ‘L, P, 
SP?’, By depressing the L key the 
Operator can disassemble the entire 
memory range ‘in one go’. The P key, 
on the other hand, does this in blocks 
of 15 instructions (a full TV screen, the 
top line being the last one to be printed 
before P was operated) and the space 
bar SP allows each instruction to be 
disassembled in turn and is therefore 
the slowest method. 

The ‘crunched’ program in Table 1 
gives an idea of the type of informa- 
tion that is printed. Table 2 shows the 
Hex dump of the disassembler. First of 
all, the address and the op code of the 
instruction are displayed followed by 
the byte(s) contained in the instruction. 
Then the mnemonics (the instruction 
‘shorthand’) are printed preceded by 
several spaces. Wherever relevant, the 
line ends with the operand data. The 
displacements involved in conditional 
jump instructions are ‘translated’, so to 
speak, as the ‘jump address’. 

Data that is not acknowledged to be 
the op code of an instruction has the 
mnemonic consisting of three American 
AT symbols assigned to it (see address 
@21E, for example). Such data is one 
byte long. Note that FF is not acknowl- 
edged as a label op code. 

Then R is operated and the program 
returns to Pi. What could be easier? 


Table 1, 

FC4E 

FC4E AOR 

VALID COMMANDS: ADH LP RSP 
dD 

DISASSEMBLE: 200, 22F 

LPS SPez: 

L 

0200 AQ 00 LDA# $00 
0202 AD 0102 LDA $0201 
0205 AS 03 LDA $03 
0207 A1 04 LDA ($04,X) 
0209 B1 05 LDA ($05),Y 
020B B5 06 LDA $06,X 
020D BD 0708 LDA $0807,X 
0210 BQ 090A LDA $0A09,Y 
0213 B6 OB LDX $0B,Y 
0215 20 OCOD JSR $0D0C 
0218 4C OEOF JMP $0FOE 
021B 6C 1011 JMP ($1110) 
021E 77 @@@ 

021F FF @@@ 

0220 00 BRK 

0221 00 BRK 

0222 CA DEX 

0223 C8 INY 

0224 E8 INX 

0225 OA ASLA 

0226 FO 12 BEQ $023A 
0228 DO FE BNE $0228 
022A BO 34 BCS $0260 
022C 90 EE BCC $021C 
022E FA @@@ 

022F 00 BRK 
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1 source destination 
SORSA : DESSA : 
OES OPEZ @0E9 O0E8 
CURAD ia 
O0E7 O0E6 a eee 
® source Mecsas 
a eae al ee tae 


SOREA ‘ 
OOES §O0E4 


QOEB OOEA 


(DIF) = (DESSA) — 


DESEA—p> 


82118-1 


(SORSA) 


[(DEssa) >(SOREA)] U [(DESSA) <{2 * (SORSA) — (soneait) 


Figure 1. The memory ranges involved in the EPRUTL routine. Operating the M, R, V or F key 
causes the CURAD and POINT pointers to move through every location from SORSA and 


DESSA to SOREA and DESEA, respectively. 


As for the H and A keys, depressing 
H is equivalent to operating M during 
PM and A represents ‘ASCII dump’. 
Thus, a hex dump is printed after two 
address entries followed by CR (see 
table 2). The A key causes a hex dump 
to be printed showing the ASCII code 
of any alphanumeric character within 
the $20...$7E range. In the case of 
data outside this range, a space appears. 
This feature allows data, such as com- 
puter messages that need printing, to 
be located swiftly. Once readers 
manage to crunch the disassembler 
they will see that this is riddled with 
such messages. 


Not only, but also... 

The printing operation of the dump or 
listing may be interrupted by depressing 
the BRK key. The BRK jump vector 
leads the 6502 uP to a central point in 
the program where it waits for a (new) 
key to be operated. 

When two addresses are entered for the 
purpose of defining a listing or dump, 
the second address must be higher than 
the first. Otherwise, the two addresses 
will have to be re-entered, only this 
time in the right order please! 

As well as storing data in much used 
memory locations in pages 6@ and 1A, 
the software cruncher must dispose of 
$0010 .. . $0027. $0028 must now also 
be added to accommodate the extra 
software. Operators must be careful 
not to use these memory locations 
for the program they wish to ‘sort 


, 


out’. 


Software puncher 

As mentioned earlier, now that we 
have the necessary hardware (Elektor 
January 1982), a start can be made on 
loading RAM or EPROM software into 
2716s. The program is started by 


way of PM at address $FDDA. After 
initialisation, the name of the program 
is printed along with a list of valid keys. 
Then the parameter key, P, should be 
depressed so as to define the address 
range by entering three addresses, as 
shown in figure 1. First of all, the 
‘FIRST, LAST SOURCE ADDRESS’ 
must be specified, in other words, the 
SORSA and SOREA addresses at either 
end of the data block that is to be 
stored or relocated. Make sure SOREA 
has a higher number than SORSA, as 
otherwise the entry procedure (first 
address — comma — last address — CR) 
will have to be repeated. Next, enter the 
‘FIRST DESTINATION ADDRESS’, 
This is known as DESSA and determines 
the location of the first address belong- 
ing to the data being programmed or 
moved, (Enter the first address followed 
by CR.) 


The following key functions are valid: 
The M (MOVE) key ensures that the 
SORSA...SOREA data block is stored 
or relocated (provided the EPROM 
programmer is connected and pre- 
pared for programming — more about 
this later) into the destination block 
DESSA...DESEA. For reasons in- 
volving the V key, the two blocks may 
not overlap. The three address pointers 
must be set according to the parameters 
indicated in figure 1. At the end of the 
program ‘DATA MOVED’ appears on 
the screen/is printed. 

The F (FF check) key enables the oper- 
ator to check whether locations 
DESSA...DESSA+n-—1 contain FF 
(n represents the number of memory 
locations in the data block being pro- 
grammed). If so, data may be stored in 
that particular range. The address and 
contents of any memory locations that 
do not contain FF are printed. Once all 
‘n’ locations have been run through, 
‘DATA COMPARED’ appears. 


20 
2 08 


08 FB 
FB AS 


13,AS 12 4A GA GA 


A2 04 
oo 
9 
3 
fe 
AS 
Fe 
"1 
20 
3 
FA 
4c 
81 
20 
00 
£0 
at 
15 
00 
a0 


AS 13 


Table 2. Hex dump of the cruncher. 
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The R (RELOCATE) key. All the absol- 
ute addresses within the data block 
SORSA...SOREA are adapted to the 
new situation brought about by moving 
or programming a data block. The new 
address is determined by the contents 
of DIF (see figure 1). At the end of the 
procedure, ‘RELOCATED’ is printed. 
The R key function is not needed while 
relocatable software is being stored 
(without any internal JMPs and sub- 
routines) or if the contents of one 
EPROM are being loaded into another. 
In order to copy RAM data into 
EPROM, depress R, then M. But to 
store EPROM data into RAM, depress 
M followed by R. 

The V (VERIFY) key. This compares 
the original data block and its relocated 
version, byte by byte. Whenever an 
error crops up, the offending location is 
printed along with its address and con- 
tents. The operation signs off with the 
‘DATA COMPARED’ message. 

The B (BACK) key introduces a return 
to PM whenever the computer is ready 
or the operator wishes to disassemble a 
relocated/programmed data block (to 
verify the R key routine). 

The ST key (ST/NMI on the main key- 
board) allows a return to take place 
from PM to EPRUTL, like a warm start 
entry. Then ‘XXXX <=AD=<YYYY 
TO>=2ZZZZ' appears, where XXXX 
stands for the FIRST SOURCE AD- 
DRESS, YYYY stands for the LAST 
SOURCE ADDRESS and ZZZZ stands 
for the FIRST DESTINATION AD- 
DRESS. 

By the way, ST may also be operated 
during EPRUTL to print the three 
address parameters and their interim 


status during an operation. This is 
extremely useful, as sometimes the 
parameters need to be temporarily 


altered. At the same time, the operator 
is reminded of what was entered three 
‘screenfuls’ before. 


How to prevent programs from 
going ‘off the rails’ 


1. The EPROM programmer must be 
connected to the bus board. The card 
is addressed in the normal manner during 
programming. This means that a ‘FIRST 
DESTINATION ADDRESS’ ($2000 or 
higher) must be entered for reasons 
described in Book 3. But this does not 
imply that any EPROM data located 
below $2000 in the memory map, such 
as the main board monitor and the TM 
and PM software, is excluded. Details 
are provided in point 3. 
2. Using the S3...S6 switches, a 4K 
address block must be selected that 
does not coincide with any existing data 
blocks. Otherwise double addressing 
occurs. If necessary, remove one or two 
memory cards from the bus board for 
the time being. Remember that the first 
two 4K blocks are also out of bounds 
(see point 1). 
3. The FIRST DESTINATION AD- 
DRESS entered just before the start 
of the program must be located within 
the selected 4K block (see point 2). This 
address does not necessarily have to be 
the ultimate first address (it may be 
modified later). Right now we intend to 
load data into the EPROM on the 
programmer, byte by byte, with the 
aid of the M key. But take heed! If any 
absolute addresses need to be altered, 
start by entering the rea/ FIRST DESTI- 
NATION ADDRESS using the P key. 
(Then depress R and P again, followed 
by the first address of the EPROM 
programmer.) Finally, operate M. 
4. S2 on the EPROM programmer is 
not switched ‘on’ until just before 
the actual programming sequence (with 
the M key). During programming LED 
D9 lights and remains lit for the entire 
process. (About 20 bytes are loaded per 
second, so it takes quite a while). S2 
should be switched off as soon as D9 


2 


D4 = 5V6, 400 mW 
05,06 = 10 V, 400 mw 


82118-2 


Figure 2. This circuit is added to the EPROM programmer to prevent the EPROM being loaded 
from becoming a fried chip if S2 is inadvertently switched on before the EPROM programmer 
power supply is connected up. A common mains switch does not provide a 100% guarantee! 


has gone out and ‘DATA MOVED’ 
appears on the screen! 
5. 2716 and 2732 EPROMs have one 
thing in common: they do not enjoy 
being exposed to the full brunt of the 
25V programming voltage without 
having the comforting protection of the 
5 V supply voltage. The circuit in figure 
2 is added to the EPROM programmer 
hardware ‘to cushion the blow’. 
6. To find out whether a 2716 IC is 
truly empty, access a 4K block on 
the EPROM programmer; select a 
FIRST DESTINATION ADDRESS that 
either corresponds to the first address 
in the range or to one 2048 locations 
further on, and enter any 2K data 
block. Now depress the F key. 
7. Whenever EPROM software needs to 
be duplicated, store the ‘master’ ver- 
sion on a RAM/EPROM card, (unless 
it is a system EPROM). Insert the 
(presumably) empty EPROM on the 
programmer board. Then follow the 
instructions given in points 3 and 4. 
After a short while the data ‘transfusion’ 
should be complete. 
8. Loading EPROM software into RAM 
is no problem and may come in 
handy whenever system programs are to 
be stored on cassette or the contents of 
an EPROM are to be changed. First 
copy the data (using the Mkey) and 
then relocate it (with the R key), if 
necessary. The V key allows the oper- 
ator to check which locations have 
been altered as a result of the R key 
routine. 
9. When using the R key, watch out for 
look-up tables and ‘strings’! Data 
such as ‘204154’ is ambiguous, for it 
may either be the ASCII code for ‘uAT’, 
or stand for JSR-$5441! If 54 con- 
stitutes an ADH within the data block 
being programmed ($2000... $5FFF 
on the dynamic RAM card) the chances 
are, operating the R key will cause the 
54 to be deleted. That is why it is a 
good idea to check the location of such 
tables beforehand, and make sure they 
remain intact after R is depressed 
(before M is operated). The disassembler 
is of great help in these matters. 
10. A special program, as described in 
the January article on EPROM 
software, would be needed to store data 
in the ‘step’ mode using the original 
monitor routine. Fortunately, this is no 
longer necessary, thanks to the PM 
routine. Just enter the EPROM location 
to be programmed (the EPROM pro- 
grammer version! see point 3), depress 
the space bar, enter the data and press 
the ‘.’ key. Make sure the EPROM pro- 
grammer is ready for programming, as 
indicated in point 4. 
Although very few keys are needed to 
program EPROMs, operators will dis- 
cover that they offer a surprisingly 
versatile repertoire. 


We are informed that a suitably pro- 
grammed 2716 will be available from 
Technomatic Ltd, London. K 


market 
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‘Small business’ printer 


The latest family of bi-directional logic 


seeking dot matrix printers from Centronics 
Ltd — the 150 series — is now being stocked 
by Bytech Limited. These versatile 150 charac- 
ter per second machines are available for 
either 10-inch or 15-inch paper widths, and 
have snap-on tractors to handle roll, cut-sheet 
or fan-fold paper. 


The series, which comes complete with a 
time-saving cassette ribbon system, features a 
96 ASCII character set, plus an optional inter- 
national character set. Printing may be carried 
out in 40, 80 or 132 column format, using a 
100% duty cycle. A self testing facility and 
cover safety interlook complete the relatively 
sophisticated functions offered, and both 
types are available with either serial or parallel 
interfaces, 

Bytech Limited, 

Unit 57, Suttons Ind. Park, 

London Road, 

Earley, 

Reading, 

Berks. 

Telephone: 0734-61031 


(2348 M) 


Combined function, sweep and 
pulse generator 

House of Instruments announce the WG 230 
from Trio, which combines the capabilities 
of a function, sweep and pulse generator in 
one high quality compact unit. The wide 
frequency bandwidth is covered by a log and 
linear divided, high resolution main dial from 
20 Hz to 200 kHz, with an auxiliary control 
covering the range 2 Hz to 20 Hz. 

Four main types of output are available: sine, 
square, triangle and TTL level pulse. Output 
impedance is 600 ohms with 7 V rms sine and 
10 V pp for square and triangle controlled by 
60dB of switched and 20dB of variable 
attenuation. Flatness is better than 0.2dB 
making the WG 230 ideal in determining fre- 
quency characteristics. The TTL pulse output 
can be used to drive logic circuitry or act as 
a clock source substitute. FM modulation, 
another convenient feature when measuring 
frequency characteristics over a specific band, 
is available via an external signal. External DC 
can be used for VCO applications while a use- 
ful sweep ramp output is provided for use as 


a time access control for oscilloscopes or pen 
recorders. 

Up to five frequency decades can be covered 
in a single sweep with automatic sweep 
times being internally selected from 0.1 to 
100 seconds both continuous and single to 
match the application. The single sweep mode 
can also be controlled manually from the 
front panel or sweep speeds determined by 
external signals. Automatic sweep speed com- 
pensating has been provided to maintain a 
constant sweep time period for any arbitrarily 
set width. The WG 230 is neat and compact, 
measuring 128 (W) x 190 (H) x 285 (D) mm 
and weighing approximately 4.2 kg. 

House of Instruments, 

Clifton Chambers, 62, 

High Street, 

Saffron Walden, 

Essex CB10 1EE. 

Telephone: 0799-24922 


(2345 M) 


Pushette switches 


A new line of pushbutton switches is now 
available from N.S.F, Limited. Standard 
features of the Pushette switches include 
illuminated and non-illuminated buttons, 
interlocking buttons, solder lug, spade and 
screw terminal, maintained and momentary 
circuits, bezels and two methods of snap-in 
mounting. The new pushbutton switches 
are interchangeable with standard snap-in 
rocker switch models, thus using the same 
panel cut-outs and so can be substituted 


without re-tooling of the existing panel. 
Illumination is provided by either neon or 
incandescent lamps through red, green and 
amber actuator buttons whilst the non- 
illuminated thermoplastic buttons are avail- 
able in red, white and black, Both types can 
be hot stamped in red, white and black, with 
legends to customers’ specifications. 

Pushette switches have a 125 V AC/28 V DC 
rating of up to 10 amps 250 V AC and models 
are available for low voltage DC applications. 
N.S.F. Limited, 

Keighly, 

West Yorkshire BD21 5EF, 

Telephone: 0535-61144 


(2341 M) 


Slimline wafer switch 


Where behind panel dimensions are critical, 
especially in applications incorporating 
printed circuit rotary wafer switches, the new 
Slimline mechanism provides a smooth, ef- 
ficient and positive indexing, all in a slender 
package, Being a ‘ready finished’ component, 
the all moulded construction gives protection 
against corrosion and requires no additional 
lubrication, The saving in length, compared 
with existing alternative models, is approxi- 
mately 5 mm to the first stator, With 30 and 
36 degree indexing available, the switching 


——>| 151 inf 
: mmimin 
Typical alternative 
mechanism 


Mounting face 


rs. 
ery is 


SLIMLINE 
indexing 
mechanism 
19,5 ke 
mm.min, 


ranges from 1 pole, 2 to 12 ways up to 6 
poles, 2 ways per wafer, and the 12 or 14 pin 
terminations of the PCA stator board are 
positioned conveniently along one edge for 
easy attachment to printed circuit boards, 
N.S.F. Limited, 

Keighley, 

West Yorkshire BD21 5EF. 

Telephone: 0535-61144 


(2336 M) 
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an exciting 
introduction to 
microprocessors 


The first acquaintance with microprocessors can be rather frightening. You are not only confronted with a large 
and complex circuit, but also with a new language: ‘bytes’, ‘CPU’, ‘RAM’, ‘peripherals’ and so on. Worse still, the 
finished article is a miniature computer and so you have to think up some sufficiently challenging things for it to 
do! This book provides a different — and, in many ways, easier — approach. 


The TV games computer is dedicated to one specific task: putting an interesting picture on a TV screen, and 
modifying it as required in the course of a game. Right from the outset, therefore, we know what the system is 
intended to do. Having built the unit, ‘programs’ can be run in from a tape: adventure games, brain teasers, 
invasion from outer space, car racing, jackpot and so on. This, in itself, makes it interesting to build and use the 


TV games computer. 

There is more, however. When the urge to develop your own games becomes irresistible, this will prove surpris- 
ingly easy! This book describes all the component parts of the system, in progressively greater detail. It also 
contains hints on how to write programs, with several ‘general-purpose routines’ that can be included in games as 
required. This information, combined with ‘hands-on experience’ on the actual unit, will provide a relatively 
painless introduction into the fascinating world of microprocessors! 


£5.00 — Overseas £ 5.25 
ISBN 0-905705-08-4 


advertisement 
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DISCO LIGHTING KITS 


DL1000K 

This value-for-money kit 
features a bi-directional 
sequence, speed of sequence 
and frequency of direction 
change, being variable by 
means of potentiometers and 
incorporates a master 
dimming control. Only £14.60 


DLZ1000K 
A lower cost version of the above, featuring 
undirectional channel sequence with speed 
variable by means of a pre-set pot. Outputs 
switched only at mains zero crossing points 
to reduce radio interference to a minimum. 
Only £8.00 
Optional opto input DLAI 
‘Allowing audio ("beat") —light response. 


DVM/ULTRA SENSITIVE 
THERMOMETER KIT 
This new design is based on 
the ICL7126 (a, lower power : 
version of the ICL7106 chip) 

and a 3% digit liquid crystal 
display. This kit will form the 

basis of a digital multimeter 

(only a few additional resistors and switches 
are required —details supplied), or a sensitive 
digital thermometer (—50°C’ to + 160°C) 
feading to 0.1°C. The basic kit has a 
Sensitivity of 200mvV for a full scale reading, 
automatic polarity indication and an ultra 
low power requirement—giving a 2 year 
typical battery life from a standard 9V PP3 
when used 8 hours a day, 7 days a week 

Price £15.50 


XK102 3-NOTE 
DOOR CHIME 


Based on a single inte, 
grated circuit (SAB0600), PY 
this kit comes complete ELECTRONIC DOOR 7. 


with loudspeaker and 
drilled box (size: 95x ——— * CHIM! 


71x 35mm) and requires y 
only a PP3 battery and Qs) 
pushbutton to complete. 


The unit producds a 3-note 
harmonically related tone 
sequence when the push: 
button is operated and may 
be used to replace any 
doorbell or switched by 
logic in such applications 
as alarms, PA systems and toys. The unit ff. 
draws less than 1uA from the battery in 
the standby mode and produces 150mW 
output which may be Tenally amplified! if 
a louder sound is required. The small 
number of components make this an 
ideal project for beginners. 

£5.00 


FOR FREE SHORT 
FORM CATALOGUE 
SEND SAE TODAY 


We also stock: 
Vero products 
Antex Soldering Irons 
Babani Books 


THE KEY TO YOUR SECURITY IS IN OUR LOCK 


Mf the thought of car thieves, house breakers of people tampering with your electrical and 
electronic equipment upsets you, we have just the kit for you, 

Our ELECTRONIC LOCK KIT includesa 10-way keyboard and a special IC which provides a 
750mA output to drive a solenoid or relay (not supplied) when four keys are depressed in the 
correct sequence. This gives over 5,000 possible combinations! The sequence is prewired and 
may be easily changed by means of a small plug and socket. A SAVE" function is also available 
enabling the open code to be stored (especially useful in a car when it is left ina garage 
for servicing as the open code need not be disclosed). Size: 7x6x3 cms. Powor Consumption is 


AQUA at BV to 15V dic, 


At only £10.50 + VAT, it will make a smi 


Electric Lock Mechanism 


aller hole in your pocket than a bunch of keys! 


£12.50 


Suitable for use with existing door locks and above electronic lock kit, 


THE MULTI-PURPOSE TIMER HAS ARRIVED 


Now you can run your central heating, lighting, hi-fi system and lots 


more with just one programmable timer 


Al your selection it 1s 


designed to control tour mains outputs independently, switching on 
and off at pre-set times over a7 day cycle, e.g. to control your central 
heating (including different switching times tor weekends), just 
connect it to your system programme and set it and forget i1— the 


clock will do the rest 


FEATURES INCLUDE— 
% 0.5" LED 12 hour display 


% Day of week, am/pm and output status indicators 


#4 zero voltage switched mains outputs 
+ 50/60Hz mains operation 


% Battery backup saves stored programmes and continues time keeping during power failures 


(Battery not supplied) 


% Display blanking during power failure to conserve battery power 


#18 programme time sets. 
 Powert 


* Useful 


Everyday" function enabling output to switch every day but use only one time set 
'sleep” function—turns on output for one hour 


+ Direct switch control enabling output to be turned on immediately or after a specified 


time interval 
% 20 function keypad for programme entry 


Programme verification at the touch of a button 
THERE HAS NEVER BEEN A CLOCK CAPABLE OF SO MUCH AT SUCH A LOW PRICE— 
ONLY £45.00 
{including components, assembly and programme instructions in an attractive case) 


ELECTRONICS: 


11 Boston Road 
London W7 3SJ 


ALL PRICES 
EXCLUDE VAT 


MEMORIES AND PRICES SLASHED 
8035. 5.50 


MICROS i 138 ‘M6802P(CPU) 3.85 
95 


2114 i 1.25 Z80ACPU 3.30 
2708. 2.25 1.50  Z80ACTC 2.90 
2.55 Z80APIO 2.90 


usta 
LSi5 
Ls20 
ts21 
822 . 
(S26 
(27 
Ls30 
(S32 
L$37 
S38, 
Lsa0 


usa i 4028 1.05 4093 
S47 x F 4027 40 an 
Us51 | 4028 504511 
LS54 |) “ 4040 68 | 4514 
L855 | 4049 30 
LS73 |, 4050 30 
ts 4060 30 
tgs 4059 18 
(378 ‘ 4070 24 
re aon 22 
sr ‘i 4077 24 


L390 ‘32 ee 


REMOTE CONTROL 
COMPONENTS 


£0271 IR Emitting Diode 
‘SFH205 Photodiode Dotector 

$1480 IC Pulse Amp, 

SL490 32 Command, 

Encoderitransmittor 2.40) 
ML922 10-channel reciever + 3 analogue| 
outputs 4.20] 
ML924 Programmable RC Receiver 1.95 
ML925 A decoder designed for model/toy| 
‘control, providing a 2-spood driver motor and 
three position latched steering system or a| 
vehicle with momentary action steering and 
Ja third motor, eg gun turret, winch, etc. 
‘Outputs also available for other facilities 
‘Such as horn, turn indicators, headlights 
H otc. 2.10] 
ML926 16-channel receiver, 4 momentary bis 
nary outputs 1.40 
ML927 16-channol receiver, 4 momontan 
nary outputs, 1.40) 
ML928. 16:channel receiver, 4 latched bic 
nary outputs, 1.40) 
We have compiled 9 booklet on remote| 
control, containing circuits, hints, data, 
shoots ‘and details of our remote control 
kits and components. So don't controll 
yourself - Send us 30p and a stamped| 
addressed envelope for your copy TODAY! 


HOME LIGHTING KITS 


‘Those kits contain all necessary components and full 
instructions & are dosignod to replace a standard wall 
switch and control up to 300w. of lighting, 


TORSOOK RemoteControl Dimmer £14.30 


Ke Transmitterforabove £4.20 


TOI00K —Touchdimmor £7.00 


TORK —_Extonsionkitfor2.way 


switching {roT300K £2.00 


LO300K Rotary Controlled Dimmer £ 3,60 


24 HOUR CLOCK/APPLIANCE TIMER KIT 


Switches any appliance up to 1kW = CT1000K Basic Kit 
on and off al present times once per CT1000K with white box (56/131 x 71mm) 
day, Kit contains, AY-5-1230 IC, (Ready Built) 


0.5" LED display, mains supply. 
display drivers, switches, LEDs, | Add 50p postage & packing + 15% VAT to total. 
Overseas Customers 


triacs, PCBs and full instructions 
Add £1.50 (Europe), £4.00 (elsewhere) for p&p. 
Send S.A.E. for further STOCK DETAILS. 
Goods by return subject to-availability 


OPE 9am to Spm (Mon to Fri) 


10am to 4pm (Sat) 
‘ALING & NORTH 
‘CIRCULAR RO 


Ny 


e 


01 579 9794/2842 


du NOLSOS 


access 
BARCLAYCARO| 
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FROM CASSETTE. 
TO VIDEO AND BACK — 


high-speed data transfer 
and the junior computer 


junior computer ~ x 


book 3 sf 


Book 3 describes a number of steps that need a, : ; 
to be taken to transform the single-board, basic ™~ y 
Junior Computer into a complete personal computer Y 
system. This involves adding an interface board to allow 

the machine to communicate with the outside world (its operator) in an ‘adult’ manner. The inter- 
face board provides additional I/O, a cassette interface, an RS 232 interface and an internal connec- 
tion with the buffered bus board. 


The hardware extensions complete the physical development of the computer and the sophisticated 
software in Book 4 enables the machine to fully utilise its additional memory capacity by extending 
its communication skills. As a result, a number of peripheral devices, such as a printer or a video ter- 
minal, can be ‘hooked up’ to the computer. 


£4.75 
ISBN 0905705 09 2 


a 
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D.LL. Miniature Switches Teurroughs 8 Digit Panaplex | MULLARD MODULES | Ultra Sonic Transducers 
ON/OFF ‘display 7 segment 0.25” digits.) (P1171 P1179 40Ke/s Complete on 18” 
Fae Paatt aemiacts- sealed [Neon type with red bevel VF. sip Screened cable £1.75 each 
base. Ideal for programming 

6 position. At less than half Pooks anal dete eed Pair £5.71 af £2,95 pair 
Ultra Sonic Transmitter 


manufacturers pric 
Complete unit (uncased, 


Integral amp. BV de €3.50 | C 
ONLY Be Photo Conductive Cell High 


: trol eieuts, Res, 8000hm- fell ae UN cee 
per 7065p each P40V maxi % ine, £1.28 | ‘area | Med. & Long | Foster Dynamic Mierophones 
a 


per 100. 55p each Ribbon Microphone with Pre- B00 Oh ee REL TS 


Honeywell Proximity Detector 


Will fit into 14pin DIL socket |amp on chassis. £1.75| _ £5.00 £2.50 | Movingcoil Complete onchassis 


ULH.F, MODULATORS |LM380 Amplifier 85p| CRYSTALS COLOUR TV | CHIPS 

Latest type, adjustable, ideal {LM318N Hi-slew Op. 5. e 

for COMPUTERS. Sie 3x2), Amo £1.50 lame 
fivpe seated _£1.25 | 


x 1inch, in screened case. |/M323K 5V 3 Amp.Reg £3.80) 


LM310N Volt Foll.Amp £1.20] ope 
With dota_£3.50____] 41311 High Porf. Volt 
MIN. EDGE IND. METER] — Comparator 21,09] Motorate 789 
With ILLUMINATED DIAL |LM384N 6 Watt Amp. £1.20} Por 10 Gop each | 2102 450N/S_— £1.00 
Scaled 0 — 10 |LM393N Dual Per 100 S0p each_| 2114 300 N/S £1.75 
F.S.D. 100 foamp Comparator 60p] XTAL FILTER 10,7 me/s 4g 200 N/S £1.50 
a Size 1% x 1% x % deep LM1889N T.V. Video 12,5 DB separation 2732 450N/S £7.50 
Only £1.65 Modulator £1.75] Vex Wxtinch £7.00 
‘= MONSANTO Stereo Cassette Tape Heads |HEWLETT—PACKARD | _Ex-Motorola 5+5 watt 
Quality replacement for most | OISPLAYS Car Stereo Amplifiers 
Lt, recorders with mounting plate : Complete and Tested units, 
SB | corti ez] 082780) Maton Lon wave 
Hat at, Mariott Tape Heads % tack] geayeraney Supplied os two bullt unis 
High intensity Type Each | only £1,00 each (5.x 2x 2 ins) with circuit 
£1ea.setof 4 £3.50 XRPS 18 Rec/Replay £2.00 i and data Includes pre-amp 


Set of 6 £5,00 
Common anode XRPS 36 Rec/Replay £3.00 


Half inch ied common cathode F 
14 Pin Dil Package XES 11 Erase £1.00} replace 01707 M4 pin DIL] ONLY £5 pair 
RELAY (Gen. purpose ype) | MINIATURE HIGH ‘CHERRY’ 

4%~BV single pole change QUALITY FANS Add-on Keypad 
over 200 ohms (open tyne) | Whisyer model by ROT 

11x V inch San] Low power somnpton 


‘A compact 12 button keypad 
suitable for use with keyboard 


Mi watts, silent running, 115V 
Potentiom lodel M2 | (Two in series for 230V) 
High quality 8% Tol, 2watt } 50/60 Hz, Size 4%x4Yex1% 
with 1” spindles, All values | Brand New 

47 ohms ~ 47k, ONLY 60p| ONLY £6.50 each 


han 
per 10. 60p e4 100... 40p ea} RunuTastuta’ price 


BARCLAYEARD 

QUANTITY DISCOUNTS ON ALL ITEMS (unless stated) 15% per 10, 
20% per 50, 25% per 100 VISA | 
: [sees 


ALL ITEMS NEW 
DELIVERY FROM STOCK ~ Add post 35p per order EXPORT ENQUIRIES INVITED, 


404 EDGWARE ROAD, 
LONDON W2, 
ENGLAND 01 723-1008/9 


Telex 262284 
Mono Ref. 1400_Transonics 


to extend its functions plus 


xtra four keys, 


jupplied brand new with Data, 


The Advertising Standards Authority. 
If an advertisement is wrong,we're here to put it right. 


AS.A.Ltd, Brook House, Torrington Place, London WCIE:7HN, 


8T4 The new stand 
with the big sponge 


Fits all model 
Antex irons. MLXS The solder- 
RSP. £1.70 plus ing iron for use on a 
VAT. 12 volt car battery, 


fitted with 2 battery 
clips and extra long 
cable (4¥em.- 15 ft) 
RSP. £5.30 plus 


CS — 17 watt 


soldering iron, 5 
push-on inter- 
se changeable bits, 
we detachable hook, XS 25 — 25 watt 
= very tough handle, general purpose 


TESUN soldering 
station with minia- 


se , with or without soldering iran, cool 
moulded-on plug handle, detachable 
hook, 3 inter- ga 


RSP. £4.50 plus 


ture CSTC solder- V.AT. or changeable bit’ 

ing iron 24 volts, tip ASP £5.30 plus sizes. With or with- ©240 Antex minia- 
temperature can VAT. (with plug) ‘out moulded-on- ture soldering iron, é 
be set and con- plug. 7 interchangeable 


trolled between 
65° and 420°C. 
RSP. £38.00 plus 
VAT. 


RSP. £4.50 plus push-on bits, down 
VAT. or to 0.5mm tip size 
RSP. £5.30 plus ASP. £4.50 plus 
VAT. (with plug) VAT. 


Antex (Electronics) Limited. 4 
Mayflower House, Plymouth, Devon 
Telephone: (0752) 667377 

Telex: 45296 
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NAMAL associates 


No.1 CLAYGATE ROAD, CAMBRIDGE CB1 4JZ. 
Tel. 0223 248257 Telex 817445 


MEMORY EXPANSION PACKS 


at bargain prices for 


ZX81 


16K RAM £30 


VIC 20 


3K RAM £21.00 
«ex 8K RAM £58.70 


| (Expandable to 16K) 
gue” 16K RAM £83.48 
yr Battery Ram backup available 


Price on application 


LINEAR ICs 


LM324N -30 
LM3914 2.00 


74LS SERIES COMPUTER ICs 
2114-200 88 
2114- 200LP .90 


2632 4.10 


162 40 
163 38 
164 A6 


-04 


165 90 LM3915 2.00 

on 173 69 B76 ye | emas16 2.00 
4 : 

oe 175 “45 | 2764 9.00 | 86237 iO7 


MC1413P —.70 
MC1488P 57 
mc14g9P_ —.60. 
MC14069_— 35. 


193 45 
126 57 
197 -60 
240 87 


4816 3.99 
4164 4,80 
4864 6.00 


241 187 | S516AP_ 7-751 ici4o93 30 
242 :78 | 5517 9.00} vicg242— 4.20 
244 60 |6116-LP 6.00 
245 88]6116-P3 4.75 


247 60 
248 -60 
251 40 
257. 43 
259 78 
266 +22 
273 70 
373 .70 
374 72 
393 60 


6800 2.75 
6802 CPU 3.60 
6809 8.75 
6810 1.15 
6821 1.15 
6850 1.40 
8080A 2.20 
8085A 5.25 
8224 1.85 
8228 3.75 
“| 8255 3.50 
Z80 CPU 3.25 
Z80 ACPU 3.25 
280 P10 3.60 
Z80 AP10 2.75 
Z80CTC 2.75 
Z80ACTC 2.75 


Special Offers 
2532-450NS £3.75 
2732-450NS = £3.75 
6116-150NS £4.50 
5516 £7.50 
2114-200LP £0.80 
4116-200NS £0.68 


CRYSTALS 


1,000MHz 2.75 
2,000MHz 2.65 
3,276MHz 1.00 
3,'579MHz 1.00 
3/932MHz 1.00 
4,000MHz 1.40 
4194MHz 1.25 
6,000MHz 1.00 
6,144MHz 1.25 
6400MHz 1.50 
10,000MHz 1.50 


7805 
7812 12V+ .35 
7815 15V+ .35 
7905 5V— .35 
7912 12V— .35 
7916 5 


cmos 


4011 09 
4013 22 
4024 28 
4066 24 
4069 15 
4093 +30 
4099 50 
4512 55 
MC 14515P 5.99 
IC SOCKETS 
8 pin 06 
14 pin 09 
16 pin 09 
18 pin 13 
20 pin 14 


6809 £7.75 225i id 
6800 £2.30 | de pin 25 


40 pin 


6821 


+*« NEW 


DOMESTIC CASSETTE INTERFACE 
for VIC20 ONLY £17.00 


£1.00 


Simply connects your VIC20 to any Cassette Player 


WE GUARANTEE FACTORY PRIME PARTS 
Competitive Prices — In Depth Stocks 

All prices exclusive of VAT 

Please add £1.00 p&p to all orders below £15.00 
Government, Colleges and Overseas orders welcome 


SERVICES 


READERS 


Many Elektor circuits are accompanied by printed circuit 
designs. Some of these designs, but not all, are also available 
as ready-etched and pre-drilled boards, which can be ordered 
from any of our offices. A complete list of the available 
boards is published under the heading ‘EPS print service’ in 
every issue. Delivery time is approximately three weeks. 

It should be noted however that only boards which have at 
some time been published in the EPS list are available; the 
fact that a design for a board is published in a particular 
article does not necessarily imply that it can be supplied by 
Elektor, 


Technical queries 


Please enclose a stamped, self-addressed envelope; readers 

outside UK please enclose an IRC instead of stamps. 

Letters should be addressed to the department concerned — 

TOE (Technical Queries). Although we feel that this is an 

essential service to readers, we regret that certain restrictions 

are necessary: 

1. Questions that are not related to articles published in 
Elektor cannot be answered. 

2. Questions concerning the connection of Elektor designs 
to other units (e.g, existing equipment) cannot normally 
be answered, owing to a lack of practical experience 
with those other units. An answer can only be based 
on a comparison of our design specifications with those 
of the other equipment. 

3. Questions about suppliers for components are usually 
answered on the basis of advertisements, and readers can 
usually check these themselves. 

4. As far as possible, answers will be on standard reply 
forms. 


We trust that our readers will understand the reasons for 
these restrictions. On the one hand we feel that all technical 
queries should be answered as quickly and completely as 
possible; on the other hand this must not lead to overloading 
of our technical staff as this could lead to blown fuses and 
reduced quality in future issues. 
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READERS 
CLASSIFIED 
ADS 


We invite our readers to in- 
sert advertisements into 
our ‘Classified Section’. 


/f you have something to 
sell, exchange, or buy, fill 
in this form and send it to 
us with your remittance. 


The rate (prepaid) is 20p 
per word. Minimum charge 
is £2.40 (12 words). Please 
read Conditions of Accept- 
ance on Classified ads page. 


When completing the form 
use CAPITAL LETTERS, 
one word per box. Your 
advertisement must include 
your address or telephone 
number. Please also add 
your name and full address 
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advertisement 


WHO AND WHERE WHC 


AREA 1 


CASEY BROTHERS 
Palladium House 
Boundary Road 

St. Helens 

Merseyside WA10 2LL. 
Tel. 0744 27873 


DOUGLAS 

90 Wellington Street 
Stockport 

Cheshire SK1 3AQ 


D.I.M.E.S. ELECTRONICS 
Hobby Shop 

1/3 Ellis Street 

Peterhead 

Grampian AB4 6JR 

Tel, 0779 77515 


ELECTRONIC ASSEMBLY 
SERVICES 

Bright Street Works 

Bury, Lancs. BL9 6AQ 

Tel. 061 764 7634 


ELECTRO SUPPLIES 
6A Todd Street 
Manchester 

Tel. 061 834 1185 


ELECTROVALUE LTD. 
680 Burnage Lane 
Manchester M19 1NA 
Tel. 061 432 4945 


A. MARSHALL (London) LTD. 
85 West Regent Street 

Glasgow G2 20D 

Tel. 041 332 4133 


PROGRESSIVE RADIO 
93 Dale Street 

Liverpool L2 2JD 

Tel. 051 236 0982 


SAPPHIRE ELECTRONICS 
93 Domestic Street 

Leeds LS11 9SG 

Tel. Leeds 468017 


SHUDEHILL SUPPLY CO. LTD 
53 Shudehill 

Manchester M4 4AW 

Tel. 061 834 1449 


SPECTRON ELECTRONICS 
MANCHESTER LTD. 

7 Oldfield Road 

Salford 

Greater Manchester 

Tel. 061 834 4583 


AREA 2 


CARDIGAN ELECTRONICS 
Chancery Lane 

Cardigan 

Dyfed 

Tel. 0239 4483 


CRYSTAL ELECTRONICS 
40 Magdalene Road 
Torquay, Devon 

Tel. 22699 


DURRANT RADIO 
(COMPONENT SERVICE) 
9 St. Mary's Street 
Shrewsbury, Shropshire 
Tel. 61239 


L.F. HANNEY 

77 Lower Bristol Road 
Bath BA2 3BS, Avon 
Tel. 0225 24811 


MONOLITH ELECTRONICS 
co. LTD. 

5/7 Church Street 

Crewkerne 

Somerset 

Tel. 0460 74321 


P.A.T.H. ELECTRONIC 
SERVICES 

369 Alum Rock Road 
Birmingham B8 3DR 
Tel, 021 327 2339 


RAMAR ELECTRONIC 
SERVICES LTD. 

Masons Road 
Stratford-on-Avon CV37 9NF 
Tel. 4879 


STEVE’S ELECTRONICS 
SUPPLY COMPANY 

45 Castle Arcade 

Cardiff CF1 2BU 

Tel. 0222 41905 


AREA 3 


AMBIT INTERNATIONAL 
200 North Service Road 
Brentwood 

Essex 

Tel. 0277 230909 

Telex 995194 Ambit G 


AUDIO ELECTRONICS 
301 Edgware Road 
London W2 1BN 

Tel. 01 724 3564 


BASIC ELECTRONICS LTD. 
18 Epsom Road 

Guildford 

Surrey GU1 3JN 


Tel. 0483 39984 


BI-PAK SEMICONDUCTORS 
3 Baldock Street 

Ware, Herts 

Tel, 0920 61593 


CAVERN ELECTRONICS 
94 Stratford Road 
Wolverton 

Milton Keynes 

Tel, Milton Keynes 314925 


CHARLES TOWN 
89 Carrington Street 
Nottingham 

Tel, 868933 & 55489 


CRICKLEWOOD 
ELECTRONICS LTD. 

40/42 Cricklewood Broadway 
London NW2 3ET 

Tel. 01 452 0161 


C.T.S. LTD. 

20 Chatham Street 
Ramsgate 

Kent CT11 7PP 
Tel. Thanet 54072 


ELECTROVALUE LTD. 
28 St. Judes Road 
Englefield Green 

Egham 

Surrey TW20 OHB 

Tel. Egham 33603 


ELEY ELECTRONICS 
100/104 Beatrice Road 
Leicester 

Tel. 871522 


J.T. FILMER 

82 Dartford Road 
Kent DA1 3ER 
Tel, 0322 24057 


FOREWAY SERVICES 
19 Old High Street 
Headington 

Oxford 

Tel. 0865 


FRANK MOZER LTD. 
5 Angel Corner Parade 
Edmonton 

London N18 

Tel. 01 807 2784 


G.B. GARLAND BROS. LTD. 
Chesham House 

Deptford Broadway 

London SE8 40N 

Tel. 01 692 4412 


HARRINGTON COLORVISION 
9 Queen Street 

Colchester 

Essex 

Tel. Colchester 47503 


HENRY’S RADIO 
404 Edgware Road 
London W2 

Tel. 01 723 5095 


D.P. HOBBS 

11 King Street 
Luton 

Beds 

Tel. 0582 20907 


KAYS ELECTRONICS 
195 Sheffield Road 
Chesterfield 
Derbyshire 

Tel. 0246 31696 


MAPLIN ELECTRONIC 
SUPPLIES LTD. 

P.O, Box 3 

Rayleigh 

Essex SS6 8LR 

Tel. 0702 552911 


Shops at: 

159-161 King Street 
Hammersmith 
London W6 

Tel. 01 748 0926 


and 

284 London Road 
Westcliff-on-Sea 
Essex 

Tel. 0702 554000 


A. MARSHALL (London) LTD. 
325 Edgware Road 

London W2 

Tel. 01 723 4242 


MAYDALE ELECTRONIC 
SERVICES 

2 Wellesley Parade 
Godstone Road 
Whyteleafe 

Surrey CR3 OBL 

Tel. 08832 5169 


NOBLE ELECTRONICS 
26 Lloyd Street 
Altringham 

Cheshire WA14 2DE 
Tel. 061 941 4510 


PHONOSONICS 
22 High Street 
Sidcup 

Kent DA14 6EH 
Tel. 01 302 6184 


T. POWELL 
Advance Works 
44 Wallace Road 
London N1 

Tel. 01 226 1489 


QC TRADING 

21 Green Lanes 
Palmers Green 
London N13 4TT 
Tel. 01 889 7593 


BRIAN J. REED 
161 St. John’s Hill 
Battersea 

London SW11 
Tel. 01 223 5016 


SERVIO RADIO LTD. 
156 Merton Road 
South Wimbledon 
London SW19 

Tel. 01 542 6525 


TECHNOMATIC LTD. 
17 Burnley Road 
London NW10 

Tel. 01 452 1500 
Telex 922800 


TK ELECTRONICS 
11 Boston Road 
London W7 3SJ 
Tel, 01 579 9794 


VERO ELECTRONICS LTD. 
Retail Dept. 

Industrial Estate 

Chandlers Ford 

Hants, SOS 3ZR 

Tel, Chandlers Ford 2956 
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AND WHERE 


AREA 4 


CHIP ELECTRONIC SERVICES 


37 Great William O’Brien Street 
Cork 

Ireland 

Tel. 021 502428 


WM. B. PEAT & CO. LTD. 
25/26 Parnel Street 
Dublin 

lreland 

Tel. 749973/4 


INTERNATIONAL 


Australia 


FRANK MATHIAS 
715 George Street 
(opp. Rawson Place) 
Sydney 2000 
Australia 

Tel, 211 - 5003 


BELGIUM 


VADELEC ELECTRONICS 
24-26 Avenue de I‘Heleport 
1000 Bruxelles 

Tel, 02 2182640 

Telex 26061 


DENMARK 


BN ELEKTRONIKS 
Lundtoftegade 135 
DK 2200 Kopenhagen 


BN ELEKTRONIKS 
Lyngby Hovedgade 9a 
DK 2800 Lyngby 


DANSK MINI RADIO 
Nr. Farimagsgade 

57 59 

1364 Copenhagen K 


AAGE NIELSEN EFTF 
1 Sortedam Dosseringen 
2200 Copenhagen 


HOBBY ELECTRONICS 
37 Nedergade 
5000 Odense 


FREDERIKSHAVE HOBBY 
ELEKTRONIK 

9 Havnegade 

900 Frederikshavn 


WK ELECTRONIC 
6 Skoletorvet 
8600 Silkeborg 


HOLTE ELEKTRONIK 
Holte Midpunkt 
2840 Holte 


LILLIE ELEKTRONIK 
89 Sondergade 
6500 Vojens 


ROTEC 
16 Jernbanegade 
4800 Nykobing Falster 


FINLAND 


AMERTRONICS OY 
Vesijarvenkatu 33 
SF - 15140 Lahti 14 
Finland 


BEBEK ELECTRONIC KY 
Rautatienkatu 16 

SF - 15110 Lahti 11 

Tel. 918 - 40666 


BEBEK ELECTRONIC 
Pui Jonkatu 26 - 28 
SF - 70100 Kuopio 10 
Tel. 971 - 117667 


ICELAND 


SAMEIND HF 
PO Box 7150 
Grettisgata 46 
127 Reykjavik 
Iceland 

Tel. 91 - 21366 


INDIA 


PRECIOUS ELECTRONICS 
CORPORATION 

3 Chunam Lane 

Dadasaheb Bhadkamker Marg 
Bombay 400 007 

Tel. 367459/369478 

also at 

9 Athipattan Street 

Mount Road 

Madras 600 002 

Tel. 842718 


RADIO & CRAFT 
PUBLICATIONS 

376 Lajpat Rai Market 
Delhi - 110006 

Tel. 237147/269548 


INDONESIA 


INEL CO 
JL Veteran 71 
Bandung 
Indonesia 


ISRAEL 


ZUR ELECTRONIC 
CENTER LTD. 

1 Hagidem Streer 
Menora Square 
Jerusalem 


DIFFUSION DU LIVRE 
FRANCAIS LTD. 

Boite Postale 3172 

35 Rue Rashi 

Tel. Aviv 

Tel. 289075 


“YAIR” 
1, Hahashmal St. 
P.O. Box 1941 

Tel Aviv 61019 

Tel. 624057/624398 


JORDAN 


GENERAL ELECTRONICS 
CORP. 

United Insurance Building 
King Hussein Street 

P.O. Box 182099 

Amman 

Tel, 24347 

Telex 21262 NADERC - JO 
Cable NADERCO Amman 


NEW ZEALAND 


WAIKATO V.H.F. GROUP INC. 
“P.O, Box 606 


Hamilton 


NORWAY 


SCANELCO A/S 
P.O, Box 53 
N-5047 Stend 
Tel. 05 276885 


BLEKEN ELEKTRONIKK A/S 
Raadyrveien 32B 

N-3160 Stokke 

Tel. 033-36162 


OSLO HOBBYSENTER A/S 
Herslebsgt, 14-15 

Oslo 5 

Tel, 02 679050 


PORTUGAL 


TABACARIA BRITANICA 
Praca do Duque da 
Terceira, 19 

1107 Lisboa Codex 

Tel. 324752 


SINGAPORE 


DEVICE ELECTRONICS 
(PTE) LTD. 

104 - 1st Floor 

Singapore Electrical and 
Electronics Hardware Centre 
Maude Rd./Kitchener Rd. 
Singapore 0820 

Telex No. 33250 


S. AFRICA 


PHILTRON PTY. LTD. 
P.O. Box 2749 
Pretoria 0001 


SWEDEN 


JOSTY KIT, AB 
Box 3134 
200 22 Malm6 3 


MICRO KIT 
Bangatan 13 
722 28 Vaesteraas 


COILTRONIC 

Box 38 

183 21 Taby 

Tel, 08 768 32 61 

Telex 15326 COILTROS 


DATA SELECT ELECTRONICS 
Box 146 

S- 183 22 Taby 

Tel. 46 762 514 16 


INKO’X AB 
Box 1057 
721 27 Vasteras 


KITEL DISTRIBUTION 
Box 21149 
$1 00 31 Stockholm 


TURKEY 


ABC KITABEVI 
Tunel Meydani 1 
Beyoglu 
Istanbul 

Tel, 442581 
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Classified ads 


CONDITIONS OF ACCEPTANCE OF CLASSIFIED ADVERTISEMENTS 


1. Advertisements are accepted 
subject to the conditions appearing 
on our current rate card and on the 
express understanding that the 


Advertiser warrants that the advert- 
isement does not contravene any 
Act of Parliament nor is it an in- 
fringement of the British Code of 


Advertising Practice. 


2. The Publishers reserve the right 
to refuse or withdraw any advert- 
isement. 


3. Although every care is taken, 
the Publishers shall not be liable for 
clerical or printer’s errors or their 
consequences. 


PO Box 30, London, E.4. 01-531 1568. 
ENAMELLED COPPER WIRE 


SWG 1 Ib 80z 4o0z 
8 to 34 3.30 1,90 1,00 
35 to 39 3.52 2.10 1,15 
40 to 43 4,87 2.65 2,05 
44 to 47 8.37 532 3.19 
48t0o49 15.96 9,58 6.38 
SILVER PLATED COPPER WIRE 

14 to 30 6.63 3.86 2,28 1.50 
TINNED COPPER WIRE 

14 to 30 3.97 2.41 1,39 0.94 


10x 10 Mtrreels 3 amp PVC cable mixed colours £5.00 
Prices include P&P, VAT. Orders under £2 add 20p. 
SAE for list of copper and resistance Wire. 
Dealer enquiries welcome, 


| THIS DOSIMETER 
WILL AUTOMATICALLY DETECT 
GAMMA AND X-RAYS 


@ UNIT IS SIZE OF FOUNTAIN 
PEN & CLIPS ONTO TOP POCKET 


@ PRECISION INSTRUMENT 
METAL CASED WEIGHT 202 


i MANUFACTURERS CURRENT 
PRICE OF A SIMILAR 
MODEL OVER £25 EACH 


British design & manufacture 
Tested & fully guaranteed 
Ex-stock delivery 


G5 Inc. VAT 

£6 Post & Pack 60p 
Ideal for the experimenter g 
COMPLETE WITH DATA 


HENRYS 


404 EDGWARE ROAD. LONDON We 1ED 


4. The Advertiser’s full name and 
address must accompany each 
advertisement submitted. 


The prepaid rate for Classified 
Advertisements is 20 pence per 
word (minimum 12 words). Semi- 
display setting £5.50 per single 
column centimetre (minimum 2.5 
cms.). All cheques, postal orders, 
etc. to be made payable to 
Elektor Publishers Ltd. Treasury 
notes should always be sent by 
registered post. Advertisements, 
together with remittance, should be 
sent to the Classified Advertisement 
Manager, Elektor Publishers Ltd., 
10 Longport, Canterbury, Kent 
CT1 1PE. 


MAKE YOUR OWN PRINTED CIRCUITS 


Etch Resist Transfors — Starter pack (5 sheets, lines, pads, 
1.C. pads) £2.00. Large range of single sheets in stock at 
43p per sheet. 

Master Positive Transparencies from P.C. layouts in maga- 
zines by simple photographic process, 2 sheets negative 
paper, 2sheets positive film (Ad) £2.10, Photo-rosist 
spray (200 ml) £3.25 (p+ p G5p). Drafting Film (A4) 25p. 
Precision Grids (A4) 65p. 

22p stamp for lists and information, p +p 50p per order 
except where indicated, 


P.K.G. ELECTRONICS 
OAK LODGE, TANSLEY, DERBYSHIRE. 


PARAPHYSICS JOURNAL (Russian trans- 
lations): Psychotronic Generators, Kirliano- 
graphy, gravity lasers, Telekinesis. Details: 
S.A.E. 4x9" to PARALAB, DOWNTON, 
WILTS. 


SECURITY SYSTEM KITS... All com- 
ponents and full instructions, Send large 
S.A.E. for latest catalogue of advanced pro- 
jects for car, caravan and home, 
COMPU-TECH SYSTEMS, 

IND, EST., N. WALSHAM NR28 OAN. 

Tel, (0692) 405600. 


PRE-PACKED SCREWS, nuts, washers, 
solder tags, studding. Send for price list. A1 
SALES (EP), P.O. BOX 402, LONDON SW6 
6LU. 


PRINTED CIRCUITS. Make your own 
simply, cheaply and quickly. Golden Fotolak 
Light Sensitive Lacquer — now greatly im- 
proved and very much faster. Aerosol cans 
with full instructions £2.25. Developer 35 p. 
Ferric Chloride 55 p. Clear Acetate sheet for 
master 14p. Copper-clad Fibreglass Board 
approx. 1mm thick £1.75 sq. ft. Post & 
packing 60 p, 

WHITE HOUSE ELECTRONICS, 

P.O. BOX 19, 

PENZANCE, CORNWALL. 


ENGRAVED TRAFFOLYTE PANELS/ 
legend plates, give a quality finish to your 
design. Send drawing and details with S.A.E. 
for price to: 

HOWARD PLACE, ENGRAVER, 

48, TODD LANE NORTH, 

LOSTOCK HALL, PRESTON, 

LANCS, PR& 5US. 


advertisers __ 
index 


Antex Electronics ......00+005 409 
Cricklewood Electronics. .......- 4-07 
EDA‘Sharkrité: io ¢ aauhean a aoe 4-59 


Henry's Radio... cesses e ne ne 
Maplin sews a3 a4 
Midwich Computer Co 

G.F, Milward 


Namal Associates... 1.1 ee ene 
Omenex Ltd 


Phonosonics 
T. Powell 


Technomatic ..... 000 eeene 4-02 
The Scientific Wire Company. ..... 4-66 
TK Electronics... eee eernne 4-61 


ELEKTOR KITS 


Wind Sound Generator 82066 
Automatic Squelch 82077 

100 Watt Power Amplifier 82089 — 1/2 
T.V. Sound Interface 82094 

loniser 2013 

Scrambler 81142 

Talk Funny 80054 

Parametric Equaliser 9897 - % 
VHF/UHF Modulator 9967 

Sewar 80009 

Aerial Amplifier 80022 

Analogue Reverb (1 x SAD 1024) 9973 
Elektornado 100 Watt Amp 9874 
Consonant 9945, 


P.O.A. 
P.O.A, 
P.O.A. 
P.O.A, 
£12.50 
£14.50 
£10.00 
£34,50 
£ 6.50 
£19.00 
£ 6.25 
£35.00 
£18.90 
£38.00 


Power Supplies or Cases not included in above 

projects, Reprints of above projects 40p extra 

(plus SAE if no kit required) 

Personal callers please ring to check availability 
of kits, Alll prices include Post and VAT. 


Business Hours 
Mon — Frid 9.00—5.00 Sat 9.00 — 3.30 


Barclaycard/Access accepted 


T. POWELL 


ADVANCE WORKS 
44 WALLACE ROAD 
LONDON N1 1PQ 


Tel. 01 226 1489 


Classified ads 


AND CO-STARRING : Cappy the capable capacitor 


the (not very) active component 


i, 


the irresistible resistor Trans. 


Resi, 


STARRING : 


jj 942U20 Auew ‘Auew pue JJ0-MOUS ywelIq a4 ‘Apay 


The first electronic comic-book 
RES! & TRANSI 
BANISH THE MYSTERIES OF ELECTRONICS ! 


Excitement, entertainment, circuits. Complete with printed circuit board and Resimeter. 


Furth di id ci i 
RE aot eu A = from Elektor 


of course! 


Elektor Publishers Ltd., Elektor House, 10 Longport, Canterbury CT1 1PE, Kent, U.K. 
Tel.: Canterbury (0227) 54430. Telex: 965504. Office hours: 8.30 - 12.30 and 13.30 - 16.30. 


COMBO-AMPLIFIER 


Easy to build portable 120W MOSFET 
amp for all stage musicians. Built-in 
flanger, five step equaliser, two inputs 
for guitars, keyboards or microphones, 
low-noise pre-amp. 

Full details in our book. Price 60p. 

Order As XA01B. 9 


STOP-WATCH 


to hundredths of a second. Easy to 
build-complete kits available. 

Full details in our projects book. 
Price 6Op. . 

Order As XA02C. 


MILES PER GALLON METER 


Digital display shows you how 
economical your driving is as you go 
along. 

Complete kits available. 

Full details in our projects book. 
Price 60p. 

Order As XA02C. 


ELECTRONIC 
SUPPLIES LTD. 


All mail to: 
P.O. Box 3, Rayleigh, Essex SS6 8LR 
Tel: Sales (0702) 552911 General (0702) 554155 


Shops at: 

159 King St., Hammersmith, London W6. Tel: 01-748 0926 
284 London Rd., Westcliff-on-Sea, Essex. Tel: (0702) 554000 
Note: Shops closed Mondays 


Multimode 8-digit stopwatch accurate 


DIGITAL MULTI-TRAIN CONTROLLER 


Control up to 14 trains individually on the same track with any four 
simultaneously! Low cost kits available. 

Full details in our projects book, Price 60p. 

Order As XA02C. 


Photo by W.A, Sharman. 


HOME SECURITY SYSTEM 
Six independent channels-2 or 4 wire 
operation. External horn, High degree 
of protection and long term reliability. 
Full details in our projects book. 

Price 6Op. 
Order As XAO2C. 


MATINEE ORGAN 
Easy-to-build, superb specification. 
Comparable with organs selling for 
up to £1,000. Full construction details 
in our book. Price £2.50. 

Order As XHS5K. 

Complete kits available: 
Electronics-£299.95, 

Cabinet- £99.50 (carriage extra). 
Demo cassette price £1.99. Order As XX43W. 


Don't miss out-get a copy of our catalogue now! 
Over 140,000 copies sold already! 


On sale now in all branches of WHSMITH @_ price £1. 
320 big pages packed with data and pictures of over 5,500 items. 


Post this coupon now! 


Please send me a copy of your 320 page catalogue. | enclose £1.25 (inc. 25p p&p). If 
| am not completely satisfied | may return the catalogue to you and have my money 
refunded. 
If you live outside the U.K. send £1.68 or 12 International Reply Coupons. 

E582 


Name 


Address 


